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The purpose of this bonk is to present in a compact form those 
principles which underlie the design of gas-engines, together with 
such data on the subject as seem reliable for the use of those 
engaged in building this kind of machinery, and who are familiar 
with ils characteristics. The qualitative or inventive side of design, 
such as is treated in all the books that have so far appeared, except 
Guldner in German, is here entirely omitted and familiarity with 
such presupposed. This book is concerned entirely with the quan- 
titative side of design, and treats solely of the forces in, and the 
energy- transforming power of the standard mechanism of, the 
exploding gas-engine. 

All those whose interests have demanded such a quantitative 
knowledge of the gas-engine, either for probable output and econ- 
omy or for the stresses in and proper strength of resisting engine 
parts, have met with difficulty in finding reliable data for reference, 
as there is no book in English treating exclusively of this side of 
the subject. The data here presented are the result of manv years' 
collection and personal experience, and were first classified in the 
present form for lecture use before my classes at Columbia Univer- 
sity. The increase in quantity of material during the last few years 
made it seem desirable to publish the notes in as closely condensed 
a form as possible consistent with clearness. 

The work is divided into three parts. The first, treating of 
power, efficiency, and economy, gives the material necessary for 
deciding on the necessary piston displacement for any specified 
output for any kind of gas, and enables the designer to approxi- 
mately predict economy. The second part contains the data and 
method for determining the stresses in the parts and the number 

Ed arrangement of cylinders necessary for balance or turning 
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ccrncd with the dimensions of the parts to resist the stresses, both 
by theoretic analysis and by empirical formula.*, showing between 
what limits even* principal dimension should lie. 

These results apply to all classes of gas-engines, from the small 
high and variable-speed automobile and boat engine to the large 
5000-H.P. constant-speed station engine. 

The method of treatment used in the first part is believed to be 
new. A standard reference indicator card is established and, bv 
comparison with tests, a diagram factor found by which the prob- 
able M.E.P. for any fuel and compression can be predicted. It is 
further shown that this same diagram factor, applied to the effi- 
ciency of the standard card, will give the probable efficiency of the 
engine as well as the economy when applied to the standard econ- 
omy. The diagram factor can therefore be used for three purposes, 
making calculations easy and certain; quite contrary to steam 
work, where the M.E.P. diagram factor is very different from the 
ratio of theoretic to actual water-rate, or efficiencv. In the second 
part means arc given for drawing the probable indicator card and, 
by tables and curves, the probable inertia diagram for any engine 
yet unbuilt. From these the stresses are found, as well as the 
turning effort, for all conditions of load, ignition, charge, mix- 
ture, speed, weight of parts, and combinations of cylinders. Means 
are also presented here for quickly estimating the conditions of 
balance and the unbalanced force from the inertia diagram. The 
third part of the work, by the application of a method too little 
used in designing, enables the exact calculations for the dimen- 
sion of a part to be made, and for a check the limits between which 
the result should lie are presented. These limits also permit of 
very quick approximate design when used as empirical formula?. 
Variations of the limits for size, speed, or other conditions arc 
pointed out. 

The large amount of computation and numerical work involved 
makes it unlikely that the book is free from errors, and I will grate- 
fully acknowledge notice of any errors or discrepancies. In this 
connection I am very much indebted to my associate Prof. Amasa 
Trowbridge for his valuable suggestions in the reading of the 
manuscript. 

Columbia University. New York. Sept. 1904. 
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PART I. 

POWER— EFFICIENCY— ECONOMY. 

i. Introduction. — It is from a comparatively simple though 
comprehensive statement of a guarantee to a buyer that the engi- 
neer must design and construct his engine. This statement of 
guarantee is the initial specification for which the designer must 
elaborate the details with sufficient minuteness to enable workmen 
to construct the machine. 

Five facts are of prime importance to the buyer: first, the capac- 
ity of the engine in brake horse-power; second, its performance in 
B.T.U. per hour necessary to maintain each B.H.P.; third, the 
adaptability of the engine to the service. This is a factor of no little 
importance to the buyer, but is not always a feature of guarantees. 
When it is not, it certainly has weight in the decision of the.buyer with 
what builder he will place his order. It may be that a certain firm 
has a reputation for building a better balanced engine than another, 
either because of owning certain useful patents or because of employ- 
ing better designers; another firm may be in a position to build an 
engine with better speed regulation. To the former the boat- 
builder or owner, whose building must not be shaken will applv, 
to the latter the buyer who intends to run dynamos in parallel. 
When incorporated in the guarantee this adaptability clause is 
mainly confined to regulation of engines to run dynamos. 

The last two factors that concern the designer in the closing of 
the contract are the cost and workmanship. Cost is the last thing 
also that is learned by either designer or builder, and is determined 
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>nly by experience in manufacture, not by any abstract or deep 
mowledge of technology, while workmanship is likewise difficult to 
predict. 

The building of an engine to meet requirements of power econ- 
>my or adaptability in balance or regulation is a thing that can be 
set down as a technical problem and solutions found from endless 
:omparisons of what by mathematical analysis should be under 
deal conditions and the determination by test of what is or can 
^e under practical conditions. It is the business of the designer to 
mow all the available results of such comparisons, for these enable 
lim to take cognizance of conditions that are unknown or unknow- 
ible and thus to design for any specifications- that are within pos- 
sibility and to know just as surely what cannot be done. 

Power depends on mean effective pressure and piston speed. 
Mean effective pressure depends in gas-engines primarily on the 
rind of gas and secondly on the treatment of the gas. Piston 
jpeeds in gas-engines depend on nearly the same conditions as in 
►team engines. 

Economy is a factor in gas-engines that depends on the kind 
)f fuel and its treatment. 

Regulation depends on the method of governing, the combina- 
ion of cylinders or treatment of the gas, to produce uniformity of 
urning effort and permit of quick change to meet loads. 

Balance in gas-engines is controlled by the same laws as in 
)ther machines. The dimensions of the parts which are covered 
n the guarantee under the head of workmanship depend on a knowl- 
edge of the stresses in all the parts and the resisting power of the 
rarious metals. 

The stresses in gas-engines depend primarily on the kind of 
;as and the treatment, and secondly on the inertia of parts, just as 
n other engines. 

It thus appears that the design of a gas engine to meet a given 
guarantee involves many problems of steam engine or ordinary 
nachine design, but a knowledge of these alone is useless; it must be 
iupplcmented with the data on the behavior of gas when mixed 
yith air and burned by the explosion method in a water- jacketed 
:ylinder. 

It is intended, after the first brief treatment of the condition 
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surrounding the output or power and the economy, to consider the 
forces produced in the gas-engine cylinder, their variation through- 
out the stroke, and the effects of these forces on the other parts of 
the mechanism. The forces due to mass and motion will be next 
treated for balance, their combination with the forces due to the 
gas pressure behind the piston, for turning effort and strength in 
parts. 

The analysis of stresses in the separate parts and their dimensions 
as determined by present-day practice, furnish the main part of the 
work and are based naturally on what precedes. 

2. Power. — Capacity of gas-engines is generally guaranteed in 
terms of brake horse-power to be determined by test. This depends 
on indicated horse-power and the energy lost in the engine by the 
friction of one metal surface on another or through various gas 
losses in leakage, or the passage of gas through restricted open- 
ings in suction, exhaust, transfer passages, or otherwise. These 
losses arc seldom remembered as such, but rather as involved in 
mechanical efficiencv as defined below. 

Let B.H.P. = brake horse-power; 

I.H.P. = indicated horse-power; 

£. = mechanical efficiency. 

Then 

B.H.P. 

£= litp:' (I) 

or B.H.P. =ExLH.P (2) 

3. Engine Losses. — In gas-engines this mechanical efficiency 
depends on the extent of the different losses in the engine itself, 
the most important of which arc, for four-cycle engines: 

i° On mechanical friction, and 

2 On fluid losses and leakage. 

Let L m =the fraction of indicated horse-power due to mechanical 

friction losses; 

Lf = ihe fraction of indicated horse-power due to fluid 

losses and leakage. 
Then 

E = i-L m -L fy (3) 

and B.H.P. = (i-L m -L f ) I.H.P (4) 
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The mechanical friction loss in most engines is practically con- 
stant with load, but depending chiefly for its amount on lubrication 
and the presence or absence of peculiar energy-absorbing parts 
with great friction coefficients and loads. The loss due to fluid 
Friction is in most engines quite small, about 6% of the I.H.P. when 
arge free openings are provided, leakage is reasonably small, and 
:he velocity of gases through openings for admission, exhaust, or 
:ransfer of gases low. It may become very high, as much as 30% 
in a leaky or highly throttled engine Very often mechanical effi- 
:iency is given as the simple ratio of formula (1), and as such is 
variable with load and speed. This is especially true on throttling 
mgines, and when so given is apt to be somewhat misleading, since 
t is principally the term L f which varies, increasing in fact very 
•apidly with decrease of load. 

Two-cycle engines involve a much greater fluid loss than four- 
:ycle engines in general, because of the necessity for quick transfer 
)f the charge from the suction-chamber or precompression-pump 
o the motor cylinder, while the crank-pin passes through a small 
ire about the dead-center. To bring about this transfer of mix- 
ure and displacement of burnt gases requires a precompression 
)f the full charge to a pressure of from 5 to 10 pounds per square 
nch. This entire work of precompression is lost so far as pro- 
lucing work is concerned, as its use is simply to introduce the charge, 
ind the loss is the price paid for the method of working. 

Call this precompression loss (L c Xl.H.P.) horse-power and 
here results for mechanical efficiency E' of a two-cycle engine 

x-/ == I J j ffi jf> : — 1** • • • • • • • \5/ 

The resulting output will then be 

B.H.P.«(i-L w -Z / -Z, c )I.H.P. .... (6) 

This quantity L c will have values varying from .10 to .30, the 
atter for larger engines with separate pumps for air and gas, while 
he lower value is for simplest and most efficient pumps with lowest 
recompression pressures. 

Besides the losses noted in the engine, there are other deductions 
o be made for special cases. Some forms of scavenging engines 
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require power for their air-blasts, some engines require power for 
driving pump for circulating water or dynamo-driving to generate 
ignition current. All these special losses are not to be here con- 
sidered. The efficiencies given below are for fair average cases; 
values higher and lower are frequently found for particularly good 
or particularly bad combinations. 

Mechanical Efficiency. 
Engine. Four-cycle. Two-cycle. 

Large, 500 I.H.P. and over 81 to .86 .63 to .70 

Medium, 25 to 500 I.H.P 79 to .81 .64 to .66 

Srrxall, 4 to 25 I.H.P 74 to- .80 .63 to .70 

4. Fluid Friction Losses. — An example of how the throttling 
of an engine by its governor may apparently decrease its mechan- 
ical efficiency is found in the figures of Prof. Robertson on a 




Lead H.P. Brake 

550-H-P. Westinghouse engine, who reports a drop from 7s =85% 
at full load to E =<*}?', at light bad. A curve of E with load for 
a similar 25" S$o" three-cylinder throttle governed engine U given 
in Fig. 1. 

If the engine friction were constant and all fluid friction abo 
constant mechanical eniciencv would be constant and the curve 
o{ Fig. 1 would become that of Fig. 2. line A. Ah a matter of fa/;t 
the mechanical friction doe* oecrea-e slightly with load. Sjj>- 
posing the curve B. Fig. 2, to represent thi>, then the difference 

B.H.K 



between the ordinate^ of cunt B ar-d the observed curve of 



I.H.K 
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iven in curve C will represent the fluid friction effect, which natu- 
illy is very much greater at light loads than at full load with a 
irottled inlet control. Hit-or-miss engines and variable cut-off 
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ovemed engines suffer a very much less fluid loss than do throttled 
overned engines and the loss varies much less with speed, because 
ie valve openings are constant. Leakage losses can be measured 
n miss strokes by finding the area between the compression and 
spansion lines, which of course should coincide if tne walls are 




old. Admission losses arc measurable approximately by the area 
f the bottom loop on a low spring card, or, as it is often called, a 
urn ping diagram. This, is the shaded area of Fig. 3. Back-pres- 
ure fluid resistance due to too small a valve opening is also approxi- 
nately measurable in the same way by determining the shaded area 
if Fig. 4, for example, which shows a card from a throttled engine 
rith considerable back pressure. Incidentally in this diagram 
here is a loss of charge measurable by* noting where the compression 
1 atmosphere at A. If the temperature does not change 
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the lost charge is -57^, which in this case is nearly 44%. As con- 
ditions in different engines vary so greatly in these matters which 
are controllable by the operator as well as the designer, at least to 




some extent, no data can be given that would not be dangerous in 
their possible misapplication. However, the nature of the losses 
has beet) pointed out, and one set of curves on a large engine will 
be given to illustrate another point: the variation of bottom loop 
loss with speed. It must be remembered though that the results 
are applicable only to a precisely similar engine. 

A pair of curves, Fig. 5, given by Mr. H. A. Humphrey shows 
the fluid friction loss, Lf Xl.H.P., in a 400-H.P. Crossley engine 
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running light and when exploding every charge under the 
governor. They are obtained from measuring the lost area on the 
bottom loops of the indicator cards showing suction and exhaust 
lines and part of compression, the rest being cut out by the stop 
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J in the indicator to save it when using the weak 32-lb. spring. 
.• curves. do not represent all of the loss L f , but only part of it, 
how that it Varies with the speed. 

Displacement for Required I.H.P. — From what precedes it 
isible to determine what indicated horse-power will probably 
quired for the brake horse-power specified; the next step is 
>vide sufficient cylinder to give this I.H.P. with whatever mean 
ive pressures will be available with the fuel to be used. 
:t P -mean effective pressure in pounds per square inch. for 
the working stroke; 

L length of stroke in feet; 

a -effective area of piston in square inches; 
A' - revolutions per minute; 

n -^ explosions or impulses per minute; 

.V piston speed in feet per minute, assuming piston veloc- 
ity constant at all points of stroke. 

I.H.P. -< PLa " ( 7 ) 

33000 W/ 

A r 
"or a four-cvele single-acting cvlinder 11 = — . 

r* n . 2 

or a two-cycle single-acting cvlinder w = A*, 

he horse -power will be that for one cylinder exploding one 
nly. For combinations of cylinders, appropriate factors must 
'd, remembering that for double-acting engines (a) is area of 
less that of rod. 

Piston Speeds. — The length of stroke in feet L is covered 
in one revolution; hence 2L feet is covered in one revolu- 
>r 2LN feet per minute, or 

2 

e from formula (7), by substitution, for a single-acting four- 
cylinder, 

i PaS 

4 33000 v ' 
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Piston speeds in gas-engines vary not much from steam practice. 
The following may be taken as giving fair values representing 
the limits of practice : 

I.H.P. Piston Speed -S feet per minute. 

iooo stationary (700-1000) 800 average 

700 " (700- 900) 750 ' ' 

500 " (650- 850) 700 ' ' 

150 " (600- 800) 650 ' ' 

50 " (500-700) 600 " 

Small " (45°- 700) 550 ' ' 

2-10 H. P. (per cylinder) automobile (600-1000) 750 " 

The relation between piston speed and R.P.M. for different 
strokes is given in Table 1, which will be found useful in saving 
multiplication. The credit for calculating this and other H.P. 
tables to follow is due lo " Power," where ihey appeared in 1901. 

7. I.H.P per Pound M.E.P.— The three quantities, piston speed, 
mean effective pressure, and I.H.P., have a certain relation for 
every cylinder diameter. These relations can be expressed in tables 
by assuming any one unity ; thus a useful relation is indicated horse- 
power per pound P for all cylinder diameters and piston speed, 
ajid for a single-acting four-cycle cylinder it is given by 

for a single-acting two-cycle cylinder. 

Table II gives the part — — for all diameters and piston 
33000 p 

speed. 

The use of the table may be illustrated by an example: 
What horse-power would be developed by a double-acting two- 
cycle engine 24"X48" with a 4$" piston-rod running at 620 feet of 
piston speed and with 46.5 pounds of mean effective pressure in the 
head end and 47.2 in the crank end? 



I.H.P. per pound M.E.P. = - ~- (o) 

4 3300O iy ' 



which becomes 



I.H.P. per pound M.E.P. =1^-, . , . ( ]0 ) 
r ' 2 33000 v ' 
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Table I. 



PISTON SPEED FEET PER MINUTE. 



2 X stroke in inchesXR.P.M. 
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11.67 


13-33 


1 

'5 


2 


3-33 


6.67 


10 


13-33 


16.67 


20 


23 33 


26.67 


30 


3 


5 


10 


15 


20 


25 


30 


35 


40 


45 


4 


6.67 


13- 33 


20 


26.67 


41.67 


40 


46.67 


5333 


60 


5 


8-33 


16.67 


25 


33-33 


50.00 


5° 


58.33 


66.67 


75 


6 


10 


20 


30 


40 


58 33 


60 


70 


80 


90 


7 


1 1. "67 


23-33 


35 


46.67 


66.67 


7o 


81.67 


93-33 


105 


8 


13-33 


26.67 


40 


53-33 


75.00 


80 


93-33 


106.67 


120 


9 


15 


30 


45 


60 


83- 33 


90 


105 


120 


i35 


IO 


16.67 


33-33 


50 


66.67 


91.67 


100 


116.67 


133 33 


150 


ifc 


18.33 


36.67 


55 


73-33 


100.00 


no 


128.33 146.67 


««5 


12 


20 


40 


60 


80 


116.67 


120 


140 


160 


l80 


13 


21 .67 


43-33 


65 


86.67 


125.00 


130 


151.67 


173-33 


195 


14 


23 33 


46.67 


7o 


93-33 


133-33 


140 


163.33 


186.67 


2IO 


15 


25 


5o 


75 


100 


141.67 


*5° 


175 


200 


225 


16 


26.67 


53-33 


80 


106.67 


150.00 


ifc 


186.67 


213-33 


240 


17 


** -33 


56.67 


85 


"3-33 


i5 8 -33 


170 


198.33 


226.67 


255 


18 


30 


60 


90 


120 


166.67 


180 


210 


240 


270 


19 


31.67 


63 -33 


95 


126.67 


1*3-33 


190 


221.67 


253 -33 


285 


20 


33-33 


66.67 


100 


133-33 


200.00 


200 


233.67 


266.67 


30O 


22 


36.67 


73-33 


no 


146.67 


216.67 


220 


256.67 


293-33 


330 


24 


40 


80 


120 


160 


233 33 


240 


280 


320 


36O 


26 


43-33 


86.67 


130 


173-33 


250.00 


260 


303 • 33 


346.67 


390 


28 


46.67 


93-33 


140 


186.67 


233-33 


280 


326.67 


373- 33 


420 


3° 


50 


100 


150 


200 


250 


300 


350 


400 


45° 


3 2 


53-33 


106.67 


160 


213-33 


.266.67 


320 


373 33 


426.67 


480 


34 


56.67 


"333 


170 


226.07 


283 33 


34o 


396.67 


453-33 


5io 


36 


60 


120 


180 


240 


300 


360 


420 


480 


540 


38 


63 • 33 


126.67 


190 


2 53-33 3 l6 - 6 7 


380 


443-33 


506.67 


57° 


40 


66.67 


133 33 


200 


266.67 


333-33 


400 


466 . 67 


533-33 


600 


42 


7o 


140 


210 


280 


35° 


420 


490 


560 


630 


44 


73-33 


146.67 


220 


293-33 


366 . 67 


440 


5*3-33 


586.67 


660 


46 


76.67 


153-33 


230 


306.67 


&3 ■ 33 


460 


53667 


6i3-33 


690 


48 


80 


160 


240 


320 


400 


480 


560 


640 


720 


5° 


83-33 


166.67 


250 


333-31 


416.67 


500 


583 • 33 


666.67 


75° 


5 2 


86.67 


173-33 


260 


346.67 


433-33 


5 2 o 


606.67 


693-33 


780 


54 


90 


180 


270 


3<x> 


45° 


540 


630 


720 


810 


56 


93 • 33 


186.67 


280 


373-33 


466 . 67 


560 


6 53-33 


746 . 67 


840 


58 


96.67 


193-33 


2QO 


386.67 


483 • 33 


580 


676.67 


773-33 


870 


60 


100 


200 


300 


400 


500 


600 


700 


800 


900 



POWER— EFFICI EXC Y— ECONOMY 
Table I — {Continued). 

PISTON SPEED. FEET PER MINUTE. 



Stroke |_ 





286.67 


430 


<>? 


J03-33 


440 ' 




30° 


45" 




306.67 


460 












480 


n 


316.67 


400 


o; 


333-33 


5°° 






5>° 


V 


346.67 






353-33 


5.1° 




3fe 


540 


33 


366.6; 


55° 






$0° 




380 






386.67 


5«° 


<r, 




59° 




400 






406.67 


610 




















f; 


433-33 


650 




440 


660 




446.65 




6 7 








460 




33 


46667 


700 


67 


473-33 

480 


710 
720 


1 


486.6; 


73° 


0? 


493 ■ 33 


'to 



4--6 


33 
67 


;?i 








33 5« 


466 


6; 5*3 






Ooo 






die 


533 


33 


633 

050 


i4° 


67 


68, 


rf>n 










716 


600 


0; 


733 


6i» 




766 




<>: 


7*3 
Soo 






Bto 


600 


07 


8»3 






KtXi 




"7 


8M3 
poo 


733 


33 




746 


67 


911 






y;o 




H 




£; 


i>; 


9*3 


813 


'! 


1016 






lu.U 








«=i 




1 not) 


80D 


33 


1083 


Mtn 




lion 


Kg, 




1116 




63 


nil 






n<,o 


933 


33 






67 


„8, 








973 

9S6 


33 


i?33 



1146. 6; noo> 
"73-33 1320- 
jiioo J 1350. 



a 
.67 


1411 


33 


'44° 
i466. 


.67 

-33 
.67 


1493 
i 5ao 
■540. 
'S73- 



423 -33 
446.O7 


'653-3; 

[680 


493 ■ ii 
516.6; 


1733-33 


540 

5<>3 33 
586.6; 

633-33 


1760 

1786.67 

i8'3-33 

1840 

1866.67 


656.67 
680 
7=3-33 
726.67 


I893-33 

,.,46.67 
'973-33 



GAS-ENGINE DESIGN. 



Table II. 

aXS 



Values of 



33000 



Piston Speed in Peet per Minute. 



100 


1 

aoo 


300 


4OO 


500 


600 


700 


800 


9000 


.0013 


.0027 


.0040 


OOS4 


.0067 


.0080 


.0094 


.0x07 


.0120 


.0016 


.0031 


.0047 


.OO63 


.0079 


.0094 


.OHO 


.0126 


.0141 


.0018 


.0036 


• 00s 5 


.0073 


.0091 


.0109 


.0128 


.0x46 


.0164 


.0031 


.0042 


.0063 


.0084 


.0105 


.0126 


.0146 


.0167 


.0188 


.0024 


.0048 


.0071 


.009S 


.0119 


.0143 


.0167 


.0190 


.0214 


.0027 


.0054 


.0081 


.0107 


.0134 


.0161 


.0x88 


• 0215 


.0342 


.0030 


.0060 


.0090 


.0120 


.0151 


.0181 


.oan 


.0341 


.0271 


.0034 


.0067 


.0101 


.OI34 


.0168 


.0201 


• 0235 


.0368 


.0302 


.0037 


.0074 


.01 1 2 


.OI49 


.0186 


.0223 


.0260 


.0398 


.0335 


.0041 


.0082 


.0123 


.OI64 


.0205 


.0246 


.0287 


.0338 


.0360 


.0045 


.0090 


.01 35 


.Ol8o 


.0225 


.0270 


.0315 


.0360 


.0405 


.0049 


.0098 


.0148 


.O197 


.0246 


.0295 


.0344 


•0393 


.0443 


.0054 


.0107 


.0101 


.0214 


.0268 


.0321 


.0375 


.0428 


.0482 


.0058 


.01 16 


.0174 


.0232 


.0291 


.0349 


.0407 


.0465 


.0523 


.0063 


.0126 


. oi8q 


.0251 


•0314 


.0377 


.0440 


0503 


.0566 


.0068 


.0136 


.0203 


.0271 


• 03*9 


.0407 


.0474 


.0542 


.0610 


.0073 


.0146 


.0219 


.0292 


• 0364 


.0437 


.0510 


0583 


.0656 


.0078 


.0156 


.0235 


.0313 


.0391 


.0469 


.0548 


.0626 


.0704 


.0084 


.0167 


.0251 


.0335 


.0418 


.0502 


.0586 


.0669 


• 0753 


.0089 


.0179 


.0268 


•03S7 


.0447 


•053° 


.0625 


•07I5 


.0804 


.0095 


.0190 


.0286 


.0381 


.0476 


• 057X 


.0666 


.0763 


.0857 


.0101 


.0202 


.0304 


.O405 


.0506 


.0607 


.0700 


.0810 


.0911 


.0x07 


.0215 


.0322 


.O43O 


.0537 


.0645 


.0752 


.0860 


.0967 


.0114 


.0228 


.0342 


.0456 


.0569 


.0683 


.0797 


.0911 


.X025 


.0120 


.0241 


.0301 


.O482 


.0602 


.0723 


.0843 


.0964 


.1084 


.01 27 


.0255. 


.0382 


.O509 


.0636 


.0764 


.0891 


.1018 


.1X45 


• 0134 


.0268 


.0403 


.0537 


.0671 


.0805 


.0940 


.1074 


.1208 


.0141 


.0283 


.0424 


.O5OO 


.0707 


.0848 


0990 


.1131 


.«a73 


•0140 


.0297 


.0446 


•059S 


.0744 


.0892 


. Z041 


.1x90 


• 1339 


.0156 


.0313 


.0469 


.O62S 


.0781 


.0938 


.1094 


.1350 


.1407 


.0164 


.0328 


.0492 


.0656 


.0820 


.0984 


. T148 


.1313 


.1476 


.0172 


• 0344 


• 05 1 6 


.0688 


.0800 


. 1 03 1 


.1203 


• 1375 


• 1547 


.0180 


.0360 


.0540 


.0720 


. 0900 


. 1080 


.1260 


.1440 


.1620 


.0188 


.0377 


.0565 


•0753 


0041 


. 1 1 30 


.1318 


.1506 


.1094 


.0197 


• 0393 


.0590 


.0787 


.0984 


. 1 180 


• 1377 


• '574 


• »770 


.0205 


.041 1 


.0616 


.082I 


. 1027 


.1232 


.1438 


•»643 


.1848 


.0214 


.0428 


.0643 


.08S7 


. 1071 


.1285 


.1499 


.I7M 


.1928 


.0232 


.0465 


.0697 


.0930 


. 1 162 


• 1395 


. 1627 


.X8S9 


. 3093 


.0251 


.0503 


.0754 


. I006 


.1257 


.1508 


. 1700 


.son 


.326a 


.0271 


.0542 


.0813 


. I084 


• 1355 


. 1027 


.1898 


.3x69 


.3440 


.0292 


• 0583 


.087s 


. I l66 


.1458 


• 1749 


. 2041 


.333a 


.2624 


•03U 


.0626 


.0938 


• I2SI 


•I5f>4 


.1877 


.2189 


.3503 


.3815 


.0335 


.0669 


. 1004 


•1339 


.1073 


. 2008 


• 2343 


.3678 


.3012 


.0357 


.0715 


. 1072 


.1429 


.1787 


.2144 


.2502 


.3859 


.3216 


.0381 


.0762 


. Z142 


•15*3 


.1904 


.2285 


.2666 


.3046 


• 34»7 


.0405 


.0810 


.1215 


.1620 


. 2025 


• 2430 


• 2835 


• 3»40 


.3645 


.0430 


.0860 


. I2QO 


. 1720 


.2140 


.2579 


.3009 


•3430 


.3869 


.0456 


.0911 


I367 


.1822 


. 2278 


• 2733 


.3189 


.3644 
•3856 


.4x00 


.0482 


.0964 


. 1440 


. 1928 


. 2410 


.2892 


•3374 


• 4337 
.4581 


.0509 


. 1018 


.1527 


. 2036 


• 2545 


.3055 


• 3564 


4073 


.0537 


.1074 


. l6l 2 


.2140 


.2680 


• 32*3 


376o 


.4298 


.4835 


.0566 


. 1 131 


I097 


.2262 


.2828 


•3394 


.3950 


•4525 


.5090 



POWER— EFFICIENCY— ECONOMY. 



*3 



Table U— (Continued). 



Values of 



aXS 
33000' 



?r of 
der or 
Inches. 






Piston Speed in Feet 


per Minute. 






Diamct< 
Cylin< 
| Rod, 


100 


200 


300 


400 


500 


600 


700 


800 


900 


5, 


.0595 


.1x90 


.1785 


• 2380 


.2975 


.357o 


• 4165 


.4760 


•5355 


5* 


.0656 


.1312 


.1968 


.2624 


.3280 


.3936 


• 4592 


.5248 


.5904 


3 


.0720 


.1440 


.2160 


.3880 


.3600 


.4320 


.5040 


• 5760 


.6479 


•0787* 


• 1574 


.2361 


.3148 


.3934 


• 472X 


.55o8 


.6295 


.708a 


6 


.0857 


.1714 


• 2570 


• 3427 


.4284 


.5141 


.5998 


.6854 


•7711 


6i 


.0930 


.1859 


.2789 


.3719 


.4648 


.5578 


.6508 


7438 


8367 


6* 


. 1006 


.2011 


.3017 


.4022 


.5028 


6033 


7039 


• 8044 


.9050 


6* 


.1084 


.2x69 


.3253 


.4338 


.5422 


.6506 


-7591 


.8675 


.9760 


7. 


.1166 


2332 


.3499 


.4665 


.5831 


.6997 


.8163 


.9330 


1 . 0496 


7i 


. 1251 


.2502 


3753 


.5004 


.6355 


75o6 


.8757 


1 . 0008 


1.1259 


It 


1339 


.2678 


.4016 


.5355 


.6694 


.8033 


937« 


1 .0710 


1 . 3049 
1 . 3865 


.1429 


.2859 


.4288 


• 57»8 


.7147 


.8577 


1 .0006 


1.1436 


8 


•15*3 


3046 


.457o 


.6093 


.7616 


9139 


1 .0662 


1.2185 


13709 


H 


.1630 


3240 


.4860 


.6480 


.8099 


9719 


I • 1 339 


1 2959 


1-4579 


si 


.1720 


3439 


.S»59 


.6878 


.8598 


1-0317 


1.2037 


1.3756 


1.5476 


8f 


.1822 


• 3644 
.3856 


.5467 


7289 


.91 r 1 


10933 


12755 


1.4577 


1 .6400 


9 


.1928 


.5783 


.7711 


• 9639 


1-1567 


1-3495 


1.5422 


1-7350 


9i 


.2036 


.4073 


.6x09 


.8146 


x .0183 


x . 2218 


1.4255 


1 .6291 


18338 


3 


.2148 


.4296 


.6444 


.8592 


x .0740 


1 . 2888 


I.5036 


1.7184 


1.9331 


.3262 


.4525 


.6787 


.9050 


1. 1312 


1.3575 


1.5837 


1 .8100 


3.036a 


xo 


.2380 


.4760 


.7140 


.9520 


1 . 1900 


1 .4280 


1 .6660 


1 . 9040 


3. 1430 


IO* 


.2624 


.5248 


.7872 


1 . 0496 


1. 31 20 


1-5744 


I.8368 


3.0993 


2.3615 


II 


.2880 


.5760 


.8639 


1.1519 


1-4399 


x.7279 


2.0159 


2.3038 


3.5918 


"* 


.3148 


.6395 


• 9443 


1 .2590 


1.5738 


1.8885 


2 . 2033 


2.5181 


3.8338 


13 


•34*7 


.6855 


1.0282 


13709 


I. 7136 


2.0564 


2.3991 


3.7418 


3.0845 


>3 


.4033 


.8044 


1 . 2066 


1.6088 


2. Oil! 


2.4133 


2.8155 


3.2177 


3.6199 


14 


•466s 


.9330 


1-3995 


1.8659 


3-3524 


2.7989 


3.2654 


37319 


4.1984 


IS 


•5355 


x.0710 


X .6065 


2.1419 


2.6774 


3.2129 


3.7484 


42839 


4.8194 


16 


.6093 


1.2x85 


I.8278 


2.4371 


3 • 0464 


3.6556 


4 • 2649 


4.8742 


5.4835 


17 


.6878 


1.3756 


2.0635 


2.7513 


3.4391 


4. 1269 


48147 


55025 


6 . 1 904 


18 


I77II 


1.5423 


2.3134 


3.0845 


3.8556 


4.6267 


5. 3978 


6 . 1 690 


6.9401 


19 


.8593 


1. 7184 


2-5775 


34367 


4-2959 


5.1551 


6.0143 


6.8735 


77336 


20 


.9520 


x . 9040 


2.8560 


3 . 8080 


4 . 7600 


5.7120 


6 . 6640 


7.6160 


8.5680 


31 


1.0496 


3.0993 


3.1487 


4.1983 


5-^479 


6.2975 


7.347o 


8 . 3966 


9446a 


33 


1.15x9 


2.3038 


3-4557 


4.6076 


5-7595 


6.9115 


8.0634 


92153 


10.367a 


23 


x . 3590 


3.5181 


37771 


5.0361 


6. 2Q52 


75542 


8.8132 


10.0722 


11-3313 


«4 


1.3709 


2.7418 


4.1126 


5.48.J5 


6.8544 


82253 


9.5962 


10.9670 


12.3379 


aS 


1.4875 


2.9750 


4- 4625 


5-9499 


74374 


8.9249 


x 0.41 24 


1 1 . 8990 


133874 


36 


1.6089 


32178 


4.8266 


6.4.*55 


8.O444 


9-6533 


11 . 2622 


12.8710 


14.4799 


37 


i.735o 


347ox 


S2051 


6.9401 


8.6752 


10.4102 


12.1452 


13.8802 


156153 


38 


1.8659 


373x8 


5-5977 


7.4636 


93295 


11.1955 


130614 


149271 


16.793a 


39 


2.00x6 


4.0033 


6.0047 


8.0063 


IO.OO79 


12.0095 


14.01 10 


16.01 26 


18.0143 


30 


2.1420 


4.3840 


6.4260 


8.5680 


IO.7IOO 


12.8520 


14.9940 


171360 


10. 3780 


31 


3.387s 


4-5744 


6.8615 


9.1487 


XI. 4359 


13.7231 


16.0103 


18.2975 


20.5846 


3* 


2.4371 


4.8742 


73114 


9-7485 


12.1856 


14.6227 


17.0598 


19.4070 


21 9341 


33 


3.5918 


5.1836 


7.7755 


10.3673 


12.9591 


I55509 


18. 1427 


20.7345 


23.3264 


34 


2.75U 


55035 


8.2538 


xx. 005 1 


13.7564 


16.5076 


19.2589 


22.0102 


247615 


35 


2.9x55 


58310 


8.7465 


ix .6619 


14-5774 


17.4929 


20 . 4084 


233239 


26.2394 


36 


3.0845 


6 . 1 690 


92535 


12.3379 


15.4224 


18.5069 


21 .5914 


246750 


27.7604 


37 


32582 


6.5164 


9.7746 


13.0328 


16. 291 1 


19.5493 


22.8075 


26.0657 


29.3239 


38 


34367 


6.8734 


xo. 3101 


13.7468 


17.1835 


20.6202 


24.0569 


27.493^ 


30.9303 


39 


3 . 6300 


72399 


10.8590 


144799 


18.0998 


21 .7198 


25.3398 


28.9508 


32.5797 


40 


3.8080 


7 . 6 1 60 


1 1 .4240 


15.2320 


19.0400 


22.8480 


26.6560 


30.464c 


34. 2720 


41 


4 . 0008 


8.0015 


12.002.) 


16.0030 


20.0038 


24.0045 


28.0053 


32 .oofn 


36.0068 


42 


41983 


8.3966 


12.5040 


16.7932 


20 . 9Q 1 5 


2 «; . 1 89S 


20.3881 


33.5804 


37.7847 


43 


4 . 4006 


8.8012 


13. 2018 


17 .6024 


22.0030 


26.4030 


30.8042 


35-204h 


39.6055 


44 


4.6077 


92153 


13.8230 


18.4307 


33.038J 


27.6460 


32.3537 


36.8O13 


41 .4690 



14 
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Table II— {Continued). 

aXS 



Values of 



33000 



ST of 

ier or 
[nches. 






Piston Speed in Feet Per Minute. 






1 DUffleto 
Cylin< 
Rod.! 


TOO 


200 


300 


1 
1 

400 


500 


600 


700 


800 


900 


45 


4.8195 


9.639O 


1 4- 4585 


19.2779 


24.0974 


28.9161 


337364 


38- 5559 


433754 


46 


S.O361 


IO.O72I 


15 . 1082 


20. 1442 


25- 1803 


30. 2164 


352524 


40.2885 


453245 


47 


52574 


IO.5148 


15.7722 


21 .0296 


26. 2870 


3L5444 


36.8018 


42.0592 


47.3165 


48 


54835 


IO.967O 


16.4505 


21 9341 


274176 


32.901 l 


38.3846 


438681 


493516 


49 


57144 


xx .4287 


17.1431 


22.8575 


28.5718 


34.2862 


40.0005 


457149 


514293 


SO 


5.9500 


x i . 9000 


17 .8500 


23.80OO 


29.7500 


35.7000 


41 .6500 


47 . 6000 


53.5500 


51 


6. 1904 


12.3807 


18.5711 


24.7615 


30.9518 


37.1422 


43-3325 


495229 


557133 


53 


6.4355 


12.8710 


19. 3065 


257421 


32.1776 


38.6131 


45-0486 


51 .4841 


57.9196 


53 


6.6854 


13.3708 


20.0562 


26.7416 


33.4270 


40. I 124 


46.7978 


534832 


60 . 1 685 


-54 


6.9401 


13.8801 


20.8202 


27.7OO2 


347003 


4 I . 6404 


48.5804 


555205 


62.4605 


35 


71095 


14. 3990 


21.5985 


28.7979 


359974 


43.1967 


50.3964 


575959 


647954 


56 


7.4637 


14.9273 


22.3910 


298547 


373183 


44. 7820 


52.2457 


59.7093 


671730 


57 


77326 


15.4652 


231978 


30.9304 


38.6630 


46.3956 54.1282 


61.8608 


695935 


58 


8.0063 


16.0126 


24.0189 


32.0252 


40.0315 


48.0378 56.0441 


64.0504 


72.0507 


59 


8.2488 


16.5695 


248543 


33I390 


414238 


49.7085 


57-9933 


66.2781 


745628 


«o 


8.5680 


17.1359 


257039 


342719 


42.8398 


51.4078 599758 


68.5438 


77III7 


•6 1 


8.8560 


17.7119 


26.5679 


35.4239 


442798 


53.1358 


61 .9918 


70.8478 


79- 7037 


«a 


9.1487 


18.2974 


27.4461 


36.5948 


457435 


548922 


64.0409 


73.1 896 


82.3383 


•63 


94402 


18.8924 


28.3386 


37.7848 


47.2311 


56.6775 66.1235 


75.5697 


85.0159 


•64 


97485 


19.4969 


292454 


38.9938 


48.7423 


58.4907 


68. 2392 


779876 


87.7361 


■65 


10.0555 


20. 1 1 10 


30.1665 


40 . 2 2 1 9 


50.2774 


60.3329 


70.3884 


80 . 4439 


90 . 4994 


46 


10.3672 


20.7345 


31 . 1017 


41 .4690 


51 .8362 


62.2035; 72.5707 


82.9379 


033O52 


67 


10.6838 


21 3076 


32.0514 


42.7352 


53.4189 


64.1027I 74.7865 


854703 


96.1541 


68 


11 .0051 


22.0102 


33.0153 


44-0 204 


55.0255 


66.0305 77.0356 


88.0407 


990458 


60 


ix. 3312 


22.6623 


33-9935 


453246 


56.6558 


67.9869J 79.3181 


90.6492 


I 01 .9804 


70 


1 1 .6620 


233239 


34.9859 


46.6479 


58.3008 


69.9718 81.6338 


93.2958 


I049577 


7i 


11 9975 


23-9951 


359920 


47.9902 


59.9877 


71.9853 83.9828 


95 .9804 


IO7.9770 


7» 


12.3379 


246758 


370136 


493515 


61 .6894 


740273 86.3651 


98.7030 


III. 0409 


73 


I2.0S.*3 


25 • 366O 


38.0490 


50.7320 


63.4«5o 


7O.0980, 88.7810 


1 01 .4640 


114.1470 


74 


130328 


20.0057 


390985 


52.1314 


65.1642 


78.1971 91.2299 


104. 2628 


117.2956 


75 


13.3875 


26.7749 


40. 1624 


535408 


66.9373 


80.3247 


937122 


107.0996 


120.4871 


76 


13.74O8 


27-40J7 


4i 2405 


549874 


68.7342 


82.4811 


96. 2279 


109.9748 


123.7216 


77 


14. 1 1 10 


28. 2220 


42.3330 


56.4440 


70.5550 


84.6660 98.7770 


112. 8880 


126.9990 


78 


144799 


28.959S 


43- 4390 


57.9195 


7 2 . 3994 


80.8793 101 .3591 


1158390 


130.3189 


79 


14.8535 


297071 


44. 5O0O 


594M2 


74.2677 


89. 1213 IO3.9748 


118.8284 


133.6819 


80 


15. 2320 


30.4639 


45.6959 


60.9279 


76. 1598 


91 . 39T8I 106. 6238 


121.8558 


1370877 


81 


150152 


31 2303 


46.8455 


62 . 4O0O 


78.0758 


93.6909I 109. 3061 


1 24.9212 


140.5364 


8a 


16.0031 


32.00O2 


48.0003 


64 .OI 24. 


80 .01 s 5 


00. 0185! 1 1 2.0216 


128.0247 


144.0278 


83 


16.3058 


32.7916 


491874 


65. 5 83 2 


81 .0789 


98.3747 1 14.7705 


131 . 1663 


147.5621 


84 


16.7932 


335865 


50.3797 


67.1730 


83.9O62 


100.7595 


1175527 


1343459 


151.1392 


85 


17.1955 


34 • 3909 


5158O4 


68.7818 


8S.9773 


103.1727 


120.3682 


137.5636 


I54759I 


86 


17 .6024 


35.2048 


52.8073 


70.4097 


88.0121 


105 .6145 


123.2170 


140.8194 


158.4318 


87 


18.0142 


36.0284 


540425 


72.0507 


90.0709 


108.0851 


126.0993 


144.1135 


162. 1276 


£8 


18.4307 


36.8613 


, 552920 


73.7227 


02.1533 


1 10.5840 


1 29.0147 


147.4453 


165.8760 


89 


18.8519 


377039 


56.5558 


75.4078 


942597 


1 13. 1116 


131 .9636 


150.8155 


169.6675 


90 


19. 2780 


38.5559 


578339 


77-1119 


96.3898 


115.6678 


134.9458 


154.2238 


173.5017 


9* 


I97087 


394175 


59. 1 2O2 


78.8349 


98.5436 


1 18. 2524 


137.9611 


157. 6698 


177.3785 


7» 


20.1443 


40.2885 


60.4328 


80.5771 


IOO. 72 t 4 


120.8656 


141 .0099 


161 . 1542 


181 .2985 


03 


20. 584O 


41 . 1692 


61 -7537 


82.3383 


102.9229 


123.5075 


144.0920 


164.6766 


185.2612 


94 


21 .0296 


42.0593 


630889 


84.1185 


105 . 1482 


126. 1778 


147.2075 


168. 2371 


1 89 . 2667 


95 


21 .4795 


42.9589 


64-4384 


85.9178 


107.397? 


128.8717 


150.3562 


171 8356 


I933I5I 


«6 


21 .9340 


438081 


65 . 80 2 1 


87.7361 


109. O702 


■131 .6042 


153.5382 


175.4722 


1974063 


97 


.2 2.3934 


44.7867 


67 . 180: 


89.5735 


III. 9OO8 


134.3642 


156.7535 


179. 1469 


201.5403 


98 


J22.8575 


45- 7M9 


68.5724 


91 .4298 


H4.2873 


137.1447 


160.0022 


182.8596 


205.717X 


90 


233203 

1 


46.6527 


699790 


93.3053 


1 IO.O317 


I39-9590 


163.2843 


186.6107 


209.9370 


too 


23.7999 


47 • 5999 


71 3998 

1 


95 1998 

1 


I 189997 


142.7996 


166. 5996 


190.3995 


214.1995 
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From the table the constant for this engine would be: 

Value for 600=8.2253 



« « < « 



< < < « 



20= .27418 



620 = 8.49948 



horse-power per pound of average mean effective pressure. 
The average mean effective pressure would be 

46.54-47-2 . Q , 
=46.85 pounds. 

The horse-power uncorrected for the rod would therefore be 

8.49948X46.85=398.200638 H.P. 

The horse-power lost by the presence of the rod is that which 
would be developed by an engine 4§ inches in diameter at 310 feet 
of piston speed and at 47.2 pounds mean effective pressure. From 
the table we find the constant for such an engine to be: 

For 300 feet, .1367 
10 li .00456 



« < _~ t i 



* i ~,~ < < 



310 " .14126 

horse-power per pound of mean effective pressure. 

The mean effective pressure which would have acted upon this 
area is 47.2 pounds. 

The horse-power to be deducted, therefore, is 

.14126X47.2 =6.667472 H.P. 

Deducting this from the uncorrected horse-power we have 

398 . 2001638 
6-667472 

39 I -533 l66 

as the horse-power corrected for the rod. 

8. Displacement per I.H.P. — Another of the relations sometimes 
useful in making comparisons is the relation of indicated horse- 
power and P with cubic feet of displacement per minute. 



6 GAS-ENGINE DESIGN. 

Let A « effective area of piston in square feet; then = 144*4. 
Substituting 

4 33°°° 

But A x5= displacement in cubic feet per minute, or calling the 
lisplacement V, then for single-acting four-cycle cylinders 

i.H.P.=-PX-^-XV (11) 

4. 33000^ v 

For single-acting two-cycle cylinders 

I.H.P.=-Px-^-XF (12) 

2 33000 v ' 

From (11). 

Cubic feet displacement per I.H.P. = 4X y^ = 4X^j^ . (13) 

:or four-cycle, and for two-cycle the factor 4 becomes 2. The quan- 

:ity -^p is given in Table III. 

Formula (13) gives by transposing 

^ > =4X I -|P (14) 

which is the mean effective pressure required per I.H.P. for a four- 
cycle engine and making the factor 4 a 2, the relation for two-cycle 
engines results. 

1375 
This quantity, ,y , is given in the last table if therein V be 

taken for P. 

After the appropriate piston speed the next important quantity 
to be determined is the appropriate or possible mean effective 
pressure. This will vary with compression, kind of fuel, the dilution 
by neutral gases, the initial temperature, the proportion of parts of 
the mixture, the speed, the valve throttling on suction and exhaust, 
the governor action, points of ignition, and a host of smaller influences 
sometimes very hard to determine. It is then difficult to predict 
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Table III. 

DISPLACEMENT PER H.P. AT DIFFERENT M.B.P. 



%* i> ta 


Cubic Feet per Minute. 


M.B.P. 


















j 







.x 


.» 


.3 


• 4 


• 5 


.6 


• 7 


.8 j .9 


I 


229.17 : 


208.33 


[90.97 


[76.28 


[63.69 


[52.78 


143-23 


134.80 


127.31 120.61 


2 


H4-5 8 


109.13 


104.17 


99.64 


95-49 


91.67 


88.14 


84.88 


81.85 79.02 


3 


7639 


73 -92 


71.61 69.44 


67.40 


65.48 


63.66 


61.94 


60.31, 58.76 


4 


57 29 


55-89 


54.56 53-29 


52.08 


50-93 


49.82 


48.76 


4774 46.77 


5 


45 - 8 3 


4493 


44.07 


43-24 


42.44 


41.67 


40.92 


40.20 


39-5i 


38.84 


6 


38.19 


37-57 


36.96 


3638 


35-81 


35-26 


3472 


34.20 


33 -7o 


33-21 


7 


32-74 


32.28 


3 l8 3 3* -39 


3° -97 


30-56 


3015 


29.76 


29.38 29.01 


8 


28.65 


28.29 


27.95! 27.61 


27.28 


26.96 


26.65 


26.34 


26.04 


25-75 


9 


25.46 


25.18 


24.91 24.64 


24.38 


24.12 


2387 


23-63 


23-38 


2315 


IO 


22.92 


22.69 


22.47 


22.25 


22.04 


21.83 


21.62 


21.42 


21.22 


21.02 


ii 


20.83 


20.65 


20.46 


20.28 


20.10 


19-93 


19.76 


19-59 


19.42 


19.26 


12 


19.10 


18.94 


18.78 


18.63 


18.48 


i8.33 


18. 19 


18.04 


17.70 


17.76 


13 


1763 


1749 


I7-36 


I7-23 


17.10 


16.98 


16.85 


16.73 


16.61 


16.49 


14 


16.37 


16.25 


16.14 


16.03 


i5-9i 


15.80 


I5-70 


15-59 


15.48 


1538 


IS 


15.28 


1518 


1508 


14.98 


14.88 


14.78 


14.69 


14.60 


14.50 


14.41 


16 


1432 


1423 


14- 15 


14.06 


13-97 


13.89 


1381 


I3-72 


13.64 


13-56 
12.80 


17 


13.48 


13.40 


13-32 


1325 


i3- x 7 


13.10 


13.02 


«.95 


12.87 


18 


1273 


12.66 


12.59 


12.52 


1245 


12.39 


12.32 


12.25 


12.19 


12.13 


19 


12.06 


12.00 


11.94 


11.87 


11. 81 


n-75 


11.67 


11.63 


"•57 


11.52 


20 


11.47 


11.40 


"34 


11.29 


11.23 


11. 18 


11. 12 


11.07 


11.02 


10.96 


21 


10.91 


10.86 


10.81 


10.76 


10.71 


10.66 


10.61 


10.56 


10.51 


10.46 


22 


10.42 


10.37 


10.32 


10.28 


10.23 


10. 19 


10. 14 


10.10 


10.05 


10.01 


23 


9.96 


9.92 


9.88 


9.84 


9-79 


975 


9.71 


9.67 


963 


9-59 


24 


9-55 


9-51 


9-47 


9-43 


9-39 


9-35 


9-32 


9.28 


9.24 


9.20 


25 


9.17 


9- 13 


9.09 


9.06 


9.02 


8.99 


8-95 


8.92 


8.88 


8.85 


26 


8.81 


8.78 


8-75 


8.71 


8.68 


8.65 


8.62 


8.58 


8-55 


8.52 


27 


8.49 


8.46 


8-43 


8.39 


8.36 


8.33 


8.30 


8.27 


8.24 


8.21 


28 


8.18 


8.16 


8.13 


8.10 


8.07 


8.04 


8.01 


7.98 


7.96 


793 


29 


7.90 


7.88 


7.85 


7.82 


779 


777 


7-74 


7-72 


7.69 


7.66 


30 


7.64 


7.61 


7-59 


7 .56 


7-54 


7-5i 


749 


7.46 7.44 


7.42 


31 


7-39 


7-37 


7-35 


7-32 


7-3° 


7.28 


7-25 


7.23 7.21 


7.18 


32 


7.16 


7.14 


7.12 


7.09 


7.07 


705 


703 


7.01 


6.99 


6-97 


33 


6-94 


6.92 


6.90 


6.88 


6.86 


6.84 


6.82 


6.80 


6.78 


6.76 


34 


6.74 


6.72 


6.70 


6.68 


6.66 


6. 64 


6.62 


6.60 


659 


657 


35 


6.55 


6-53 


6.51 


6.49 


6.47 


6.46 


6.44 


6.42 


6.40 


6.38 


36 


6.37 


635 


633 


6.31 


6.30 


6.28 


6.26 


6.24 


623 


6.21 


37 


6.19 


6.18 


6.16 


6. 14 


6.13 


6. 11 


6.09 


6.08 


6.06 


6.05 


38 


6.03 


6.01 


6.00 


5-98 


5-97 


5-95 


5-94 


5-92 


5-9» 


. 589 


39 


5-88 


5.86 


5-85 


5-83 


5-82 


580 


» 5-79 


5-77 


5-76 


5-74 


40 


5-73 


5-71 


5-7° 


5-69 


5-67 


5-66 


> 5.64 


5-63 


5.62 


5.60 


41 


5-59 


5-58 


5-56 


5-55 


5-54 


5-52 


5-5 1 


5-5° 


5-48 


5-47 


42 


5-46 


5-44 


5-43 


5-42 


5 -40 


» 5-39 


5.38 


5-37 


5 • 35 


5-34 


43 


5-33 


5-32 


5-3° 


5-29 


5.28 


5-27 


5.26 


5 24 


5 23 


5.22 


44 


5-2i 


5.20 


5-i8 


5-i7 


5.16 


» S- l S 


5-M 


5*3 


5 12 


5.10 


45 


5-09 


5.08 


5-°7 


5.06 


5-o5 

1 


S-°A 


- 5-03 


5.01 


5.00 


4-99 
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Table III — (Continued). 

DISPLACEMENT PER H.P. AT DIFFERENT M.E.P. 



1 

1 








Cubic Feet 1 


per Minute. 








M.E.P* 

























.1 


.2 


3 


• 4 


• 5 


.6 


7 


.8 


• Q 


46 


4.98 


497 


4.96 


495 


4.94 


4-93 


4.92 


4.91 


4.90 


4.89 


47 


4.88 


4.87 


4.86 


4.85 


4.83 


4.82 


4.81 


4.80 


4-79 


478 


48 


477 


4.76 


4-75 


4-74 


473 


473 


4.72 


4.71 


4.70 


469 


49 


4.68 


4.67 


'4.66 


4.65 


4.64 


463 


4.62 


4.61 


4.60 


459 


5° 


4.58 


4-57 


457 


4-5 6 


4-55 


4-54 


453 


452 


4-51 


450 


5i 


4.49 


4.48 


4.48 


4-47 


4.46 


4-45 


4.44 


443 


4.42 


4.42 


52 


4.41 


4.40 


439 


4-3* 


437 


437 


43 6 


4.35 


434 


4-33 


53 


4-3 2 


4-3 2 


431 


430 


4.29 


4.<z8 


4.28 


4.27 


4.26 


4- 2 5 


54 


4.24 


4.24 


4 2 3 


4.22 


421 


4.20 


4.20 


4.19 


4.18 


4.17 


55 


4.17 


4.16 


4-i5 


4.14 


4.14 


413 


4.12 


4. 11 


4. II 


4.10 


56 


4.09 


4.09 


4.08 


4.07 


4.06 


4.06 


405 


4.04 


403 


403 


57 


4.02 


4.01 


4.01 


4.00 


3-99 


3-99 


398 


3-97 


3-96 


396 


5« 


3-95 


3-94 


3-94 


3-93 


3-9 2 


3-9 2 


3-91 


3-9o 


3-90 


389 


59 


3-88 


3-88 


387 


3.86 


3-8 5 


3-8 5 


3-85 


3-84 


3-83 


3-83 


60 


3.82 


3.81 


3.81 


380 


3-79 


3-79 


3.78 


378 


3-77 


3-76 


61 


3-76 


3-75 


3-74 


3-74 


3-73 


3-73 


3-72 


3-71 


3-71 


3-70 


62 


3-7o 


3-69 


368 


3-68 


3-67 


3-67 


3-66 


366 


3-6$ 


3-04 


63 


364 


3 6 3 


3 6 3 


3.62 


3.61 


3.61 


3.60 


3.60 


3-59 


3-59 


64 


3.58 


3-58 


3-57 


356 


3-56 


3-55 


3-55 


3-54 


3-54 


3-53 


65 


3-53 


3-5 2 


3-51 


3-51 


3-5° 


3-5° 


3-49 


3-49 


3-48 


348 


66 


3-47 


3-47 


3-46 


346 


3-45 


3-45 


3-44 


3-44 


3-43 


3-43 
338 


«7 


3-42 


3-4 2 


3-41 


3-41 


3-40 


3-4o 


3-39 


3-39 


3-38 


68 


3-37 


3-37 


336 


336 


3-35 


3-35 


3-34 


3-34 


3-33 


3-33 


69 


3-32 


3-3 2 


3-3 1 


3-3i 


3-3° 


3-3° 


3- 2 9 


329 


3.28 


3-28 


70 


327 


3- 2 7 


3.26 


3.26 


3.26 


3- 2 5 


3- 2 5 


324 


324 


3*3 


7i 


3- 2 3 


3.22 


3.22 


3.21 


3.21 


3.21 


3.20 


3.20 


3i9 


3 X 9 


72 


3.18 


3 X 9 


3*7 


317 


3-i7 


3.16 


3.16 


315 


3-i5 


3- x 4 


73 


3 X 4 


3M 


3*3 


3 13 


3 12 


3.12 


3-" 


3-ii 


3-ii 


3.10 


74 


3.10 


3°9 


3°9 


3.08 


3.08 


3.08 


3°7 


3°7 


3.06 


3.06 


75 


3.06 


305 


3°5 


3°4 


3-°4 


3°4 


303 


3°3 


3.0c 


3.02 


76 


3.02 


3.01 


3.01 


3.00 


3.00 


3°° 


2.99 


2-99 


2.98 


2.98 


77 


2.98 


2.97 


2.97 


2.96 


2.96 


2.96 


2.95 


2-95 


295 


2-94 


78 


2.94 


2. 93 


2-93 


2-93 


2.92 


2.92 


2.92 


2.91 


2.91 


2.90 


79 


2.90 


2.90 


2.89 


2.89 


2.89 


2.88 


2.88 


2.88 


2.87 


2.87 


80 


2.86 


2.86 


2.86 


2.85 


2.85 


2.85 


2.84 


2.84 


2.84 


283 


81 


2.83 


2.83 


2.82 


2.82 


2.82 


2.81 


2.81 


2.81 


2.80 


2.80 


82 


2.79 


2.79 


2.79 


2.78 


2.78 


2.78 


2.77 


2.77 


2-77 


2.76 


83 


2.76 


2.76 


2-75 


2-75 


2.75 


2-74 


2-74 


2-74 


273 


2.73 


84 


2-73 


2.72 


2.72 


2.72 


2.72 


2.71 


2.71 


2.71 


2.70 


2.70 


«5 


2.70 


2.69 


2.69 


2.69 


2.68 


2.68 


2.68 


2.67 


2.67 


2.67 


86 


2.66 


2.66 


2.66 


2.66 


2.65 


2.65 


2.65 


2.64 


2.64 


2.64 


87 


2.63 


2.63 


2.6., 


2.63 


2.62 


2.62 


2.62 


2.61 


2.61 


2.61 


88 


2.60 


2.60 


2.60 


2.60 


2.59 


2-59 


2-59 


2.58 


2.58 


258 


89 


2-57 


2 -57 


2 -57 


2 -57 


2.56 


2.56 


2.56 


2-55 


2.55 


2-55 


90 


2-55 


2.54 


2 -54 


2.54 


2.54 


253 


2-53 


2-53 


2.52 


2.52 
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Table III 


— (C01 


ttinuec 


0- 










DISPLACEMENT 


PER H.P. AT 


DIFFERENT M.E.P. 














Cubic Feet 


per Minute. 






M.R.P. 
















* 







.x 


.3 


• 3 


4 


• 5 


.6 


• 7 


.8 


• 


91 


2.52 


2.52 


2.51 


2.51 


2.51 


2.50 


2.50 


2.50 


2.50 


2.49 


92 


2.49 


2.49 


2.49 


2.48 


2.48 


2.48 


2.47 


2.47 


2.47 


2.47 


93 


2.46 


2.46 


2.46 


2.46 


2.45 


2.45 


2.45 


2.45 


2.44 


2.44 


94 


2-44 


2.44 


2.43 


2-43 


2.43 


2-43 


2.42 


2.42 


2.42 


2. 41 


95 


2.41 


2.41 


2.41 


2.40 


2.40 


2.40 


2.40 


2-39 


2-39 


2.39 


96 


239 


2.38 


2.38 


2.38 


2.38 


237 


2.37 


237 


2-37 


2.37 


97 


2.36 


2.36 


2.36 


2.36 


2-35 


235 


235 


2-35 


2-34 


2.34 


98 


2.34 


2.34 


233 


2.33 


2-33 


2-33 


2.32 


2.32 


2.32 


2.32 


99 


2.31 


2.31 


2.31 


2.31 


2.31 


2.30 


2.30 


2.30 


2.30 


2.29 


100 


2.29 


2.29 


2.29 


2.28 


2.28 


2.28 


2.28 


2.28 


2.27 


2.27 



a mean effective pressure with anything like the degree of accuracy 
possible with steam, but the process or method in use with steam- 
engines will be followed here. As an offset it might be remarked 
that economies can be predicted better than in steam-engines. 

9. Standard Reference Diagram. — A standard reference dia- 
gram will be established and its mean effective pressure determined. 
Then comparison with this for any given case will give a factor 
which represents the percentage of the mean effective pressure of 
the reference diagram realizable in the actual engine of the class 
involved. The factor will be called, as in steam-work, the dia- 
gram factor and may be used in future design in connection with 
the mean effective pressure of the reference diagram to predict 
the probable pressure P that will result. 

The standard reference diagram will be taken as that indicator 
card which would result if pure air passed through the four phases 
of an ideal cycle, receiving the same amount of heat per pound of 
air working as does the pound of air and gas mixture in its com- 
bustion. Such a diagram is given in Fig. 6. 

The four ideal phases are : 

(a) Adiabatic compression during which 



PV**=C 



(iS) 



up to the same compression as is used in the engine starting at one 
atmosphere, 14.7 lbs. per square inch and 62 F. This assumes 
no loss of charge by throttling. 



2o GAS-ENGINE DESIGN. 

(6) Heating at constant volume V-C to such a pressure as 
will result from addition of the heat available in one pound gas 
mixture to one pound air. 

(c) Expansion adiabatically PV'*-C to the same volume as 
before compression. 

(d) Pressure drop to atmosphere at constant volume V—C as 
would result cither from cooling or exhausting. 

Construction of reference diagram begins with point A, Fig. 6. 













VI 


.B 
























































































































^ 
















B 
















~I D 
















i 








\d 












3 


5 










It 





t 




13 



One pound air at 32 F. or 492 absolute has a volume of 12.387 
cubic feet at a pressure of 14.7 lbs. per square inch; hence at 62 F. 
or 522 absolute 

^=7^X12.387-13.1301. ft., 
492 

P a - 14.7 lbs. per square inch. 

For any other point x on the compression line assume some 
pressure in terms of the initial pressure and find the corresponding 
volume by the formula 

v.-v.$f'- I3 , 3 $y (l6> 

This formula can be solved by logarithms, and by this method 
: following table was calculated- 
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Table IV. 



Atmonpheren, 




Comprtuion 
Volume. 


Comprcuion 




ComprMUCO 
Volumr, 




©" 


v x. 
Cubic P«t. 




©"■ 


Cubic F«t- 


'■5 


.881 




7-5 


■339 


3" 




























6 


ss 


8.s 




119 




«7< 


3-° 




458 






9.0 








74 


3-5 




411 


a 


39 


9-5 








* 






374 




9' 






'95 




50 


4-5 




343 




50 










47 


55 




319 
39 8 


4 

3 


'9 
9' 


"'< 




'77 


' 


39 
3 a 










69 












6-S 






3 


48 


"■5 




166 




iS 


7.0 


.251 


3") 









These results arc plotted in Fig. 7, which if cut out and used as 
a template facilitates the work of laying out these curves very much. 
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The highest compression pressure, that for B, should be the same as 
for the actual indicator card under comparison. 

10. Combustion Line for Reference Diagram. — The pressure 
rise along B to C due to heating will be determined solely by the 
amount of heat given to the one pound of air. 

Let Q=B.T.U. given to one pound air. 

Then 



P t V t 



r-2 

p„v b 



(17) 
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whence 



and 



P> T~C v T b 



+ i, 



But 



P-P-LQ 

' " T b C u 



R 



t„c v vjc: 



and 



b^v 



R =778("r-CJ, 



hence 



-*® 



¥ t 77*(C,-CJ 



Tfi v 



CT 



ffi 



778(n-i) . 

7 where P is in lbs. per sq. ft. 



(r 



2.2 



(k) 



From which, by substitution in (19), 

2.2 Q 



P c —P b = /p tt lbs. per square inch. 



The ratio 



® 



B.T.U. per lb. mixture 



(18) 



(19) 



(20) 



(21) 



V a Cubic feet per lb. mixture 

= B.T.U. per cubic foot mixture. • . . (22) 
Let H = B.T.U. per cubic ft. gas products hot; 
a' = cubic ft. air to burn 1 cubic ft. gas; 
n = cubic ft. neutral added; 
w + a' + i = cubic ft. of mixture containing 1 cubic ft. gas. 

Then 1 cubic ft. mixture is made up of ,- cubic ft. gas 

and —r~rr~ cu - **• a ""> anc * ^ c ' lcat I* 31 " cu bic ft. mixture is given by 

Q H 



n+a' + i' 



(23) 
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in which the gas shall not exceed the critical amount that the air 
will support. 
Hence 

/^Ti T7 ' ,,+a/+i (24) 

The quantity in parenthesis can be obtained from the table 

TJ 

already given, and the value of . - can be found from the table 

of these values, or can be calculated from the chemical compo- 
sition of the fuel. If the combustion take place before com- 
pression, P a =P h \ hence 

P-P a = 2.2 t , t (2<0 

c a n+o' + i v °' 

When the neutral is to be derived from the burnt gas in the clear- 
ance, it will be best to take the volume n equal to the clearance 
and at same temperature as the mixture, which was 62 F. 

In this case n becomes ri and 

n' V, 



* + ! 'K-V b ' 



n'= y - 



(V b )(o' + i) 



v a -v h 

Hence _ p _ 2.2 if 

' b ~~ "iP 



<*>) 



W v+,) K.-vJ 



2.2 H 



&)" V+,) (l£rJ 



I 

2.2 



a' + 1 




/P \ - 7I 
Values for I p 5 ) for any compression have been given in 



H 



Table IV, while for some characteristic gases , — is given in Table 
V, but this ratio should always be calculated for each special case. 
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H 



af+i 



Table 

gas 
b.t.u. per cubic foot gas and per 

Air required per 



Cannel-coal gas. . 
Common-coal gas. 



< i 
1 1 

t < 

< < 

4 4 

< 4 

< 4 



Carbureted water-gas. 



<< 



< < 



« < 



< < 



« < 



< i 



<< 



<< 



Coke-oven gas. 
Oil-gas * . . . . 



« i 



Natural gas. 



it 
n 

it 
tt 
«< 
44 



Uncarbureted water-gas. 



it 



tt 



1 1 



1 1 



1 1 



1 1 



Producer-gas, little steam. 



1 1 
* t 
n 

4 4 
4 4 
4 4 



I 4 
4 4 
4 4 
4 4 
4 4 
4 4 



Loomis Pettibone coal. . 
41 " wood. 
Dowson gas, average. . . 
Taylor gas, average. . . . 
Mond gas 



4 4 



Blast-furnace gas. 



II 



27-7 

39- 7« 

47-9 
46.0 

50.1 

47-73 

52-9 

52-5 
44.4 

21.8 
18.4 
22.6 
29.6 
34-0 

53o 
5-6 

24 3 

i-7 
1.4 

2. 14 

1.84 

2.01 

2.50 

2.18 

49-55 
51.8 

49.17 
49-5° 



9 
9 



2 
8 



8-37 
6.9 



8. 
6 



5 
8 



5-3 
14.0 

14.0 

18.0 

21 .0 

29.0 

28.5 

3° 



CO 



6.8 

7.04 

6.0 

7-5 
6.0 

6.15 

7.18 

5-o 

5-2 

28.1 

148 

29.2 

28-33 

33° 
6.0 

8.9 

o.55 
0.60 

0.44 

0.41 

o-73 
0.40 

0.50 

45-89 

43-4 

43-75 

35-93 

25-3 
24.0 

22.74 

20.8 

24.8 

22. 1 

20.0 

20.0 

20.0 



25 
12 

12 

11 

27 



o 
o 
o 

5 

5 



CH« 



50.0 

4516 

33-3 

39-5 
38.0 

35-6 
31.80 
34-0 
37-1 
30- 7 
3°- 7 

3 I -9 
24.42 

15.0 

35o 

549 

58.3 
94. 16 

93-57 
93 85 

93-35 

93 07 
92.67 

92.6 



0.31 
1.05 

3-i 
3-4 
2.56 
2.2 

5-2 

3-74 

3-o 

2.0 

2.0 

3-o 
2.0 

2.0 

2. 1 



C,H< 



13.0 
6.38 

".3 
3-8 
4.0 
4.88 

5-o 
4.0 

23 
12.9 

21.2 

3-4 
16.12 



12 
2, 
28 

17 
o. 



5 
o 

9 
4 
30 



0.15 
0.20 

o-35 
0.47 

0.25 

0.31 



0.8 

0.4 

0.36 

0.20 

0.40 

034 
0.20 
0.20 
0.20 



* Gasolene vapor when not used in carburetors requiring vacuum, and kerosene 
vapor when not injected as liquid or requiring vacuum for aspiration, may be taken the 
same as this oil-gas. 
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CHARACTERISTICS. 

CUBIC POOT OF MIXTURE, HIGH / 

cubic foot of gas. 











Gas, 


Mix 


ture 








Cill.ir Ftn-l 

Y'. 


B.T.U. per 


Cubit- F".jt 


B.T.U. per 


Jutnc Foot. 




CO, 


N 
















oIGas. 


High. 


Low. 


^H^k 


&«- 




o.t 


»-4 


650 


843 


76a 


08 2 


85 7 


0.06 




08 




5» 


6 




727 


6SI 


98 


5 


83 




o-S 










6 


29 


723 


650 


99 




89 








6 




5 


5 


61 


65° 


579 


98 




8S 














5 


5' 


644 


5 '4 


98 


05 


87 


08 


0.31 


1 


41 


3 


9 
5 


5 
5 


73 


610 


569 
544 


93 
98 


3 


84 

87 




0.05 


, 


3 


e 


6 


5 
5 


05 


60s 
586 


540 
5" 


96 


5 

7 


88 
86 




0.5 


3 


8 






6 




703 


635 




3 


90 






4 


6 


9 


3 


6 


80 


782 


704 






90 




o!o" 








3 


6 




7>4 


659 


96 




9i 












76 


6 




7°5 


646 






9' 
















85 


579 


53' 


98 


9 


90 














5 


06 




5*4 




3 


86 









9 






8 


78 
68 


.085 
967 


994 

875 


!w 


7 


92 
90 




0.30 




29 




80 


9 


13 


989 


888 


97 




87 




0.55 




3° 


3 




9 


04 


98a 


880 


97 


3 


87 


6 


°-3S 








98 


9 


03 


98ft 


885 


98 


3 


88 




°-39 






3 




9 


06 


982 


88a 


97 


6 


87 


2 


0.41 
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3 




9 


06 


982 


883 


97 


6 


87 


"■35 






3 


53 


9 




975 


876 


97 


S 


87 


6 


o-34 




6 


3 




9 


46 


974 


876 


93 




83 


i 




3 


87 




7' 




33 


3'5 


289 




6 


86 




3 


5° 




3° 




28 


3'4 


387 


95 


8 


87 


5 






7' 




06 






3'° 


184 


96 


3 


87 








*S 


e 


75 






295 


>6S 


9» 




82 


8 




3 




5« 








160 


150 


75 




67 




o'-k' 


6 




55 


6 




18 


•53 


>45 


70 




66 


S 


0.54 


5 


3 


60 


13 






'35 


117 


66 


8 


62 


8 


0.40 




6 


64 


9 




90 


118 




62 




5« 


3' 


0.40 


5 




55 






& 


172 


160 


73 




68 




0.40 




84 


61 


68 




'39 


'3' 




9 


63 




0.40 


1 


6 


67 


5 




9' 


11S 


"3 


61 




59 








55 


5 














16 




47 


7 














7 




47 




1.3* 


119 


"5 


5>-4 


49.6 


3° 


6 




57 






98 


'3° 


116 


°5 -5 








M 


5 




5 




17 


'56 


139 


71.9 


64 






IS 






9 








'37 


7i-3 


63 






10 





59 


4 




81 


100 


99 


55 


3 


54 


8 
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When the analysis of gas is unknown, but the kind of gas only, 
the high and low limits for the various constants, based on high 
and low heating power, should be taken and calculations based on 
both. The result sought will then lie between the two limiting results. 

If only a partial analysis of any one kind of gas is possible, a 
fair result may be obtained by finding which of the analyses given 
contains the elements found in about the same proportion. 

The common Orsat flue-gas apparatus will determine CO, 
O, and C0 2 in a gas; and should this be a carbureted water-gas, 
the rest of the analysis can be assumed with sufficiently accurate 
results for engine-work by comparing with characteristic similar 
gas compositions. The difference between high and low values 

of H and -7- — is due to the heat of condensation of so much steam 
a' + 1 

as results from burning the hydrogen in one cubic foot of gas. 

11. Fuel Characteristics. — In finding these tabulated properties 
needed for the thermal calculations on the gas-engine the follow- 
ing method of procedure has been followed. Heat per cubic foot, 
products hot and cold are found from values per pound of fuel 
given by J. Thompson, which are multiplied by the weight per 
cubic foot of the elementary gases, giving the results in Table VI. 

I Table VI. 



Fuel. 


B.T.U. per Pound. 


Pounds per 

Cubic Foot at 

b2° F. 


B.T.U. per Cubic Foot. 




High. 


Low. 


High. 


Low. 


H 
CO 
CH 4 
C,H 4 


61524.0 

4395 - 6 
24021.0 

21222.0 


51804.0 
4395 • 6 

2ISQ2.8 

19834.2 


•00538 
. 07498 
.04308 
.07631 


33* O 

329 -58 
1037.22 

1619.45 


278.7 

329-5* 

932 • 38 

1513-55 



Volume of air per cubic foot gas is determined from the products 
and law of combination with oxygen to form those products. This 
volume of O found, when multiplied by 4.8 gives the air necessary 
on the assumption that 21% air is oxygen. 
This gives 

H one cubic foot requires 2.4 cu. ft. air. 
CO " " " " 2.4 

CH 4 " " " " 9.6 " " 
C 2 H 4 " " " " 14.4 



a a a 
tt 
tt tt tt 
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To illustrate the application of the above to the finding of the 
quantities in Table V from the gas analysis take as an example the 
natural gas of Table VII. 

Table VII. 



Sample Natural Gas. 

H 

CO 

CH 4 

C,H 4 

CO, 

N 

O 

Total natural gas. 



Volume in 100. 



2.18 
0.50 
92.60 
0.31 
0.26 
3.61 

0.34 



100.00 



B.T.U. Cubic 
Feet High. 



B.T.U. Cubic 
Feet Low. 



721.58 
164. 19 

95506.57 
502.03 
o 
o 
o 



96894.97 



607.57 

164. 19 

86338.39 

479.21 

o 
o 
o 



87589.36 



Cubic Feet 
Air. 



5-23 
I.20 

888.96 

4.46 



-I.63 



898.22 



The second column gives the cubic feet of each element in ioo 

cu. ft. gas, the third and fourth column is obtained by multiplying 

this by the B.T.U. per cubic foot of the elementary gas given by the 

previous table. The fifth column results from multiplying the 

second column by the air required per cubic foot elementary gas; thus 

for H, 2.18X2.4 = 5.23. The totals show that for one cubic foot of 

this natural gas, there will be developed 968.95 B.T.U. products 

cold or 875.89 B.T.U. products hot, and that there will be needed 

8.98 cu. ft. of air to bring this about. 

H , 968.95 _ . _ , 87^.80 

Hence the ratio -7- — becomes q— =97.09 high and - Li Tr 

a'-fi 9.98 yt y & 9.98 

= 87.78 low. In this way the rest of the values given in table 
V were obtained. 

12. Pressure Ratios Observed and Calculated. — Pressure ratios 
observed on indicator cards will bear to the corresponding pres- 
sure ratio for the standard reference diagram a fairly constant 
relation. A few values are here presented. Means for finding 
these theoretic ratios have been given by substitution of the tabular 
quantities in the formula 




H 



(a' + i)' 



(»8) 



As only the low heat value is liberated in the cylinder all com- 
parisons should be made on this basis. 
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Gas Used. 



-gas 

d gas 

«< 

ureted water-gas. . 

■gas 

< 

ral.V Y.Y.Y. .'.'.'.'. 
lene vapor 

lene in carburetor, 
sene vapor ..... 
[ injected 



Compression, Pounds 
Square Inch Absolute. 



184 

120 

no 

90 

60 

60 

100 

"5 

75 
40 

75 
65 

50 



Observed Pressure Ratio, 
Air-card Pressure Ratio. 



ce cr 

IWo 

58% 

58% 

5Q% 
60% 

* 2 $ 
61% 

56% 

58% 

40% 

60% 

40% 



X will be found in general that the ratio of pressures on the card 
vary from 50-65% of air-card ratios when ignition is right, 
:ure with no excess of air or gas, no back pressure, no suction 
ttling, and the engine fairly free from leaks. To find the air 
ratio the B.T.U. per cubic foot gas and the cubic foot air re- 
ed must be known with the compression pressure. It must be 
d in connection with these pressure ratios that when the indicator- 
is inclined on top, as in Fig. 8, no pressure ratio for increase 











Fig. 


8 













































onstant volume can be obtained. The same is true of cards 
wave tops like Fig. 9. In the latter case approximate ratios can 
ound by drawing a mean curve midway of crests and hollows, 
extension of the expansion curve A in Fig. 10 can give the 
It. For if the pressure rise had occurred at constant volume, 
ig a true vertical explosion line, or nearly so, the expansion line 
Id have fallen below as in Fig. 10, curve B, provided the differ- 
lin?s result from mixture or ignition changes and not from 
ttling effects. With a combustion line but slightly inclined 
t the vertical, as in Fig. 10, curve B, the pressure ratio measured 
/ioor 2 /io stroke is usuallv a fair value. 



POWER— EFFICIENCY— ECONOMY. *5> 

The rest of the diagram, that is, the expansion curve, can easily 
be drawn, as the pressure ratio is the same for all points. This means 
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that the ratio of pressures measured on the same ordinate from zero 
to compression and expansion curves is constant when the equations 
are both the same, as in this ideal case, Fig. 6. 
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Take, for example, a coal-gas compressed to four atmospheres, 
or 58.8 lbs. sq. in. absolute. 

The final compression volume is given by 

V t -i3.i3(- ) -4.91 from the tables. 
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The pressure increase for at 5 J to 1 mixture will be at this com- 
pression. 



p-p>-* 



.2! 1 ) Xt^- =310 (approximately) lbs. sq. in., 



the pressure ratio being 5.3 approximately for every point on expan- 
sion and compression line lying on the same vertical. 

The desirability of construction of the ideal reference diagram 
l'es in the necessity for calculating the probable forces acting on 
the mechanism for all points of the stroke and the variations with 
conditions. This will be taken up and applied later. At present, 
for power calculations, it is not actual forces acting behind the 
piston that are needed but the mean force per stroke, which can be 
found only after the reference diagram is established. Having 
done this, the main issue of mean effective pressures may be taken 
up for, first, the ideal diagram, and next, the fraction of this usually 
realized in practice. 

13. Mean Effective Pressure by Reference Diagram. — It is well 
known that the efficiency of this ideal Otto cycle or standard refer- 
ence air diagram is given by 

• — (W (3o) 






(31) 



W Work done 

Q Heat supplied K0 ' 

The work done is also given by the equation 

W - (M.E.P.)' X (V a - V b ) foot-pounds, 

where (M.E.P.)' is pounds per square foot. Expressing M.E.P. 
in pounds per square inch and work in B.T.U. to conform to the 
expression for heat supplied, 

W"-^fM.E.P.(V.-V,); 
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hence 

54<2 



n— i 
C A<1 I IP \ 

M.E.P. 



(Y.-vj 



-(P) I ^3) 



But Vm -V h -V.(i-$)-V m (i-fef 

If now the mixture under treatment be one pound, then the 
following relations hold: y-=B.T.U. per cubic foot of mixture 

* a 

at atmospheric pressure, and from formula (23) 

Q _ H 
V a » + a' + i" 

Also, V a — V b = displacement per pound of working gases. If the 
neutral comes from the clearance and has a temperature equal to T a , 
the amount is given by formula (26). Giving V b its value, 



*- (r- 



1 



Substituting in -^-, there results 






(34) 



(?) 



Substitution of this in equation (33), there results for mean 
effective pressure by the reference diagram 



M.E.P.=5.4-, 



" ' ,-(£)'■" I ( 35 ) 



o' + i 



-S-^-r^L 1 -{?) J (36) 
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he quantity in brackets is a function of compression only, and 
g it C when multiplied by 5.4, 

M.E.P. -C-^r-. 



o facilitate calculation a table of C values is given in Table VIII- 
Table VIII. 



D™„„i.,i, 


(W 


Mean E fli 


dlivePMlm 










Pnurali ikt Square 


"■[-©■"] 




44.I 




"■474 




58.8 


.669 




787 






.6z 7 






6 








•87 






■ S69 






8 


117-6 


•547 




446 


9 


J3'-3 


■S*7 
-S'3 
-4<>8 


■ 


SS4 
630 


" 




.486 


s-775 



hese constants are plotted in a curve, Fig. n, from which the 
ird constant can be 'read for any compression. 



ComprcHion In Attnoiphcrc* 

\. Practicable Compression Pressures. — During compression 
become hot, and when enclosed in cylinders with walls 
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cooled by water and with valves, igniters, and pistons all un- 
equally warm, just how hot the gases will get will depend on the 
conditions of each special case. But, in any case, if the compres- 
sion be carried high enough the mass will ignite itself. It is not 
necessary for such an explosion that the entire mass be at the tem- 
perature of ignition-' one point raised to this temperature will 
suffice. An uncoolcd part, such as the center of the piston-head. 
may become hot enough to cause ignition at much lower pressures 
than would be necessary for the temperature of the rest of the 
walls, so that the limiting compression pressure depends for any 
given gas on the temperature of the hottest part of the metal in 
contact with the gas. 

Different mixtures of any one gas, and the same mixture of dif- 
ferent gases, permit of different compressions without this self-igni- 
tion, or preignition as it is best called. Very weak gases, that is, 
igb in neutral, may be compressed higher than rich ones; thus 
furnace-gases may be compressed easily over one hundred and fifty 
pounds, while kerosene may never reach one hundred. Gases rich 
in hydrogen generally prcignite easily; approximately one atmos- 
phere should Ixr deducted from the compression allowable with no 
hydrogen, for each 5% of hydrogen present. 

The initial temperature of the air gas-neutral mixture will have 
a most direct influence on the allowable compression ; hence engines 
that scavenge with cold air either by design or by the action of a hit- 
or-miss governor on light loads permit of higher compressions than 
igines retaining always hot burnt gases in the clearance. High 
impression permits of the easy burning of gases, so diluted with 
neutral that they will not burn in the open air, and thus makes it 
possible to use very weak gases as fuel for engines. High compres- 
sion before ignition will give more work with the same fuel, hence 
greater economy; similarly the mean effective pressure will be 
increased so that from the point of economy and power the higher 
the compression the better. 

Recognition of this has brought forth many devices to permit of 
increased compression. Water injected into the cylinder either sepa- 
rately or mixed with the fuel, such as alcohol for example, has proved 
successful. Inward-projecting water-tubes, deliberate addition of 
excess air or neutral burnt gases or steam, have also been used, and 
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engi 
com 
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all have been successful when properly applied, which is sometimes 
difficult. Such devices will be termed special, and with them the 
present work is not concerned. The legitimate method for increased 
compression in standard apparatus is to water-jacket thoroughly all 
parts in contact with the gases, such as piston-heads, igniter-points, 
and valve-faces. All pockets that might harbor burnt gas must be 
eliminated as well. This is practiced only in large engines, how- 
ever, in which also the weaker gases are used. 

Ignition must be varied with speed, the faster the speed the earlier 
in the stroke should ignition take place; hence increase of speed is 
another legitimate means of increasing the allowable compression. 
In a certain kerosene-engine it was found practicable to increase 
compression from 55 lbs. to 85 lbs. by changing speed from 200 to 
450 R.P.M. By air dilution from a compressor after suction had 
ceased, the compression on coal-gas was by Mr. Clerk raised from 
145 to 215 lbs. per square inch. By using dilute alcohol, compres- 
sion can be raised from 60 to 1 15 lbs. Many similar examples can be 
given for special cases, but these do not represent average practice. 

Average practice will lie between limits which are indicated for 
the different fuels, and some of the conditions of working which are 
often contradictory will be indicated also. 

Gasolene. — The compression in automobile engines varies from 
45 t° 95 lbs., w ^th average practice at about 65 lbs. This is by the 
use of carburetors which cool the charge and not very cold circu- 
lating water, but with high speeds. These figures are in pounds 
per square inch above atmosphere. In engines of the slower-speed 
stationary class, with however more efficient cooling, though witb- 
not such simple breech ends, the compression will vary from 60 to 
85 lbs., with the average about 70 lbs. In these latter engines the 
gasolene is usually prevaporized or used in a carburetor or spray 
requiring very little vacuum. 

These engines are all too small to use water-cooled pistons and 
valves. Very often in these small engines the compression will be 
kept down to permit of easy turning on starting, but nothing under * 
40 lbs. is used. 

Kerosene. — When used in hot-bulb injection and ignition- 
engines compression will vary from 30 to 75 lbs., depending chiefly 
on the speed, which should vary from 250 R.P.M. to 500 R.P.M. 
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the small engines in which it is used. When previously vapor- 
ized in a device not requiring a vacuum the compression should vary 
from 45 to 85 lbs., the speed having an influence, the average being 
65 lbs. Comparatively few engines are built for this class, as the 
vaporizers are few and troublesome. 

Natural Gas. — Natural gas is important chiefly in larger engines 
than those working on gasolene and kerosene and compressions from 
75 lo 130 lbs., depending on speed and the efficiency of the cooling 
of the valves and piston, are used, the average being about 115 lbs. 
for the medium and large engines using this fuel. 

CUy Gas. — City gas will be either a coal-gas or carbureted water- 
gas, generally the latler. For the engines ordinarily used the 
compression will vary from 60 to 100 lbs., with the average at 80 
lbs. These engines are seldom large, as it is not economical to gen- 
erate over 75 H.P. in most cases from city gas, and being small they 
are not water cooled on piston and valve faces. 

Producer-gas. — Producer-gas varies considerably in composition, 
heating power, and hydrogen, so the limits of compression are 
fairly wide, 100 to 160 lbs., with gases containing from 5% to 18% 
hydrogen, and those with water-cooled piston and valves higher. 
Most producer-gas engines arc large, and all the latest types are being 
fitted with such jackets. This will probably raise these limits as 
well as the mean, which is now about 135 lbs. 

Biasl-gas.— Waste gases from blast-furnaces vary in composi- 
tion and heating power as do the producer- gases, but contain but 
little hydrogen. In fact, the blast-furnace is but a special form of 
producer. The gas is weak from excessive dilution by N and CO;, 
and suffers compression from 120 to 190 lbs., with the average at 

1155 lbs. Practically all blast-gas engines are large, developing in 
the neighborhood of 1000 H.P., and have water-cooled surfaces to 
pistons and valves when not two-cycle and valveless, and they are 
all of slow speed, not over 100 R.P.JL 
15. Observed Mean Effective Pressure. — The following short list 
of some observed mean effective pressures gives in each case the aver- 
age high values for the method of working. There are many ways 
i'n which the mean effective pressure of an engine can be lowered 
nd only one best set of conditions that will produce the high- 
st mean pressure. As these pressures are reported by different 
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persons, there is no assurance that all are taken under the best cir- 
cumstances; in fact it is certain they were not. Some of these 
detrimental conditions will be noticed later. It should be noted 
also that abnormally high mean pressures are obtained at times 
and cannot be continued. These values are selected at random and 
are not necessarily representative, but were all determined by test. 



MEAN EFFECTIVE PRESSURES ON KEROSENE. 


Absolute 


Observed 


Compression. 


M.E.P. 


4 6 


40 


63 


69 


65 


68 


68 


40 


70 


72 


5° 


35 


55 


85 


WEAN EFFECTIVE PRESSURES ON GASOLENE. 


Absolute 


Observed 


Compression. 


M.E.P. 


66 


106 


70 


75 


75 


100 


86 


70 


86 


72 


95 


60 


BAN EFFECTIVE PRESSURES ON NATURAL OA! 


Absolute 


Observed 


Compression. 


M.E.P. 


115 


• . 


127 


68 


I30 


82 


135 


90 


MEAN EFFECTIVE PRESSURES ON CITY GAS. 


Absolute 


Observed 


Compression. 


M.E.P. 


45 


45 


60 


80 


66 


95 


91 


90 


70 


60 
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MEAN EFFECTIVE PRESSURES ON PRODUCER-GAS. 



Absolute 


Observed 


Compression. 


M.E.P. 


I03(H5) 


6j 


108 


88 


125 


5i 


141 


83 


170 


73 


95 


100 


95 


90 


90 


62 


"5 


103 


MEAN EFFECTIVE PRESSURES ON BLAST-GAS. 


Absolute 


Observed 


Compression. 


M.E.P. 


• • • 


60 


140 


47 


140 


• • 


155 


81 


184 


• 



It is believed that the presentation of these figures will demon- 
strate most conclusively the difficulties surrounding the proper 
estimate of probable mean effective pressure and the care and expe- 
rience necessary for success. 

16. Diagram Factors. — Wherever it is known, the heating power 
of the gas and its necessary air permit of the calculation of the effec- 
tive pressure of the reference air-card for an engine. This com- 
pared with the real, observed, mean effective pressure gives the 
diagram factor. The diagram factor then represents the percent- 
age of work possible by the standard reference air-card that was 
produced by the engine. It is also a measure of the efficiency of 
the engine on the basis of the air-card engine as unity. 

The mean effective pressure of the air-card continuously in- 
creases with the compression but in practice this result is not 
attained, or at least the rate of M.E.P. increase with compression 
becomes less as the compression increases. 

Comparisons of great numbers of cards with the air-card have 
shown that in general the diagram factor decreases with compression. 
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This does not seem to be so, however, for kerosene previously vapor- 
ized, though for what reason is not known. The following values 
represent jair averages: 

Diagram factors for kerosene lie between 30% to 40% for com- 
pression varying from 45 to 75 lbs. when vaporized previously, but 
when injected on hot bulb may run as low as 20%. 

Diagram factors for gasolene lie between 25% to 40% when 
used in carburetors requiring a vacuum, depending on the extent 
of this vacuum. Gasolene 50% to 30% for compressions varying 
from 80 to 130 lbs., and used with but little initial vacuum. 

Diagram factors for producer-gas lie between 56% to 40% for 
compression varying from 100 to 160 lbs. 

Diagram factors for coal-gas lie between about 45% average 
for compression, about 80 lbs. mean. 

Diagram factors for carbureted gas from lighting-mains are about 
45% average for compressions varying from 60 to 90 lbs. 

Diagram factors for blast-gas on compressions varying from 130 
to 180 lbs. vary from 48% and 30%. 

Diagram factors for natural gas on compression from 90 to 
140 lbs. lie between 52% to 40%. 

The diagram factors for two-cycle power cylinders may be taken 
as 0.8, that for four-cycle cylinders. 

In selecting the factor to be applied in any particular case the 
designer must use judgment. There is in fact no designing possible 
no matter how perfect the theory nor how complete the tabular 
results of tests, that does not involve this element of personal expe- 
rience with its resultant ripe judgment. 

17. Causes of Lowered M.E.P. — A reference to the indicator 
cards presented later will show variations cf form and area result- 
ing from different conditions, and it is by reason of these condi- 
tions as evidenced by the cards that mean effective pressures are 
lowered from the best possible with the compression and fuel to 
nothing at all. These detrimental causes are of three classes: 

Class 1. Those that change the weight of the cylinder charge. 

Class 2. Improper treatment of full charges. 

Class 3. Improper treatment of partial charges. 
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FIRST CLASS. 

The weight of charge may be lessened by : 

Too small an opening in the suction passages acting throughout 
the whole or a part of the stroke. 

Improperly set valves. 

Too heavy a spring on an automatic suction-valve. 

Too small a valve diameter. 

Too small a valve-lift. 

Very crooked passages. 

Governor action. 

Too much back pressure-preventing entrance of new mixture. 

Sudden increase of back pressure due to exhaust of one cylinder 
which is just beginning to exhaust, blowing back into another cylinder 
whose exhaust is just closing. 

Heating of incoming gases by burnt gases in clearance or hot pas- 
sages. 

Too high a speed. 

Improper capacity of suction-chamber in two-cycle engines. 

Improper cam curves or proper cam curves improperly set. 

SECOND CLASS. 

Leaks. 

Improper mixture, giving a slower rate of propagation for the 
same piston speed, making a flat-top diagram. 
Proper mixture with too high a piston speed. 
Too early ignition. 
Too late ignition. 

Improper- mixture and ignition together. 
Improper release of gases when too early. 
Not the best compression pressure. 
Poor form of clearance or breech-end. 

THIRD CLASS. 

This class by the double action of the first two will produce 
results doubly intense, and mixtures may be too slow burning, 
ignition wrong, and only partial charges present ; so with all these 
actions the mean effective pressure can be only very low. 
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18. Mean Effective Pressure and Horse-power Formulas. — Either 
through ignorance of the various influences or conditions that affect 
the mean effective pressures or by giving the effect of these influ- 
ences a numerical value for some particular case, formulas have 
been proposed for the horse-power of gas-engines that are quite 
simple in form. Some of these formulas are quite legitimate, but 
some cannot be justified. Some of these will be set down and 
compared. 

Frederic Grover has proposed the formula 

P = 2 C-.oiC2, (37) 

where C is the compression pressure in pounds per square inch 
above atmosphere. 

This formula neglects absolutely any of the fuel characteristics 
and therefore can be applied only to one fuel rationally with the 
constants given. A change of constants would be necessary for 
adaptation to another fuel. 

The following mean effective pressures result from the formula 
for the compressions given: 



Compression 


(P) by Grover 


above Atmosphere. 


Formula. 


40 


64 


60 


84 


80 


106 


IOO 


IOO 


I20 


96 


140 


84 



This formula expresses the fact that on too high a compression 
the mean effective pressure will fall off, but expresses the result 
too arbitrarily to be trusted; it might, however, be adapted as sug- 
gested by change of constants to fit conditions. 

A formula for I.H.P. as given by several writers is 

<PX(/ + c)x((— ) 7 -i)xiV 
LH.P. = \-£ L ; . . . (38) 
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when d — diameter piston in inches, 

/—stroke in inches, 

c — clearance volume -s- piston area in inches, 
AT-R.P.M., 
l+c total cylinder volume 
c clearance volume 

Rewriting and equating with the regular formula for four-cycle 
single-acting cylinder, 

La -*-~ 91 6o 4 33000' 

Here / — 12L, d 2 " — ; hence, calling 

l+c V. l+c V. 



c V h > I V a -V b ' 



a r b\ Nr b' ..„ _ _ ==s _w 



v7-v\\tj '-V*»X4 x P 



9i6oX^ 4 33000 



9 



or putting all the constants in one C, 



-<V7- 




YMfr -' 



V P 

f*f v a f_b 

V a -V b P a 



n— i 



-©■ 



if the expansion and compression lines had the exponent 1.33 — n, 
which, when compared with equation (35), will be found to be the 
same with the exception of the term containing the fuel characteristics. 

Thus this formula is incomplete as it stands, but by proper con- 
stants may be made to fit the case of any fuel for a limited range. 

The larger number of formulas have the form 

B.H.P. =Md 2 LM (39) 
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where M is a constant, values of which are proposed by a good 
many engineers here and abroad. The formula as it stands involves 
three assumptions, none of them true: 

i°. That mechanical efficiency or the ratio of indicated to brake 
horse-power is always the same. 

2°. That P is independent of compression. 

3°. That P is the same for all fuels. 

By having a set of constants for each fuel the case is better, but 
not much. Such formulas, while easy to remember, are apt to deceive 
by making the case seem simpler than it is, and by giving results 
that sometimes happen to come right, thus giving confidence to 
the designer only to lead him to failure in another case with different 
conditions. 

19. Cylinder Diameter. — The first step in determining the cylinder 
diameter for a given power is to decide on the number of cylinders, 
and in many cases, in fact in most cases, this will depend largely on 
questions of uniformity of turning effort and balance needed, as this 
calls for multiplication of cylinders, while cost of building demands as 
few cylinders as possible. It will be well to find the diameter and 
stroke for one, two, three, four, etc., as may be required and select 
the dimensions and number after the question of balance and turning 
effort has been decided. 

Formula (8) gave for four-cycle engines 

LH.P.-i PaS 



4 33°°° 

7zd 2 
Putting a = — = .7854^2, 

4 

.7854^^5 



I.H.P. - 



4X33000' 



from which 



, I4X33000 I.H.P. . x 



.7854 PXS 
for a single four-cycle cylinder, and for a two-cycle cylinder 



, 12X^3000 I.H.P. 
d "V~ 7 854 X P*S <**> 
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This will give a diameter of cylinder for the indicated horse- 
power required when mean effective pressure and piston speed 
are determined. 

20. Overload Factor. — In a gas-engine there is no means of carry- 
ing more load than the maximum resulting from its dimensions 
and the mean pressures due to the combustion. By making the 
cylinder a size larger than is necessary to carry the rated or normal 
load, an overload can be carried. If the overload to be provided 

for is a% of the normal I.H.P. the engine will give 1 1 + — 1 1.H.P. 



10 ^( ,+ ^)' 



and the diameter must be increased to \J(i+7 ) times th 

overload diameter. 

Let a =% overload to be provided for, then for four-cycle i ylimli-r 



4Xj.;ooo 
~ 7854 * 



h °-) I.H.P 

100' 



and for a two-cycle cylinder 



•4 



X 33000 \ 100/ 
.7854 PXS 



(43) 



The nearest reasonable dimension to d should be chosen so as 
to give an even number of sixty-fourths or hundredths. 

21. Stroke. — The stroke is given by the relation between piston 
speed and R.P.M., but the stroke thus determined may be any- 
thing, as R.P.M. varies and must be checked by the ratios of stroke 
to diameter usually practiced. 

This ratio of -7 will always be between 1.0 and 2.0, and it 

makes but little difference just what value in these limits is used 

I except for questions of convenience. 
For automobile engines (he ratio will vary from 1.0 to 1.3. 
Small stationary engines usually have a little larger ratio, say 
from 1.2 to 2.00, while very large engines use ratios lying anywhere 
within the limits. 
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The exact value of the ratio will, of course, be such as to give a 
convenient number of inches and fractions to both stroke and diam- 
eter. 

Some dimensions of engines already built, selected at random, 
will illustrate this point: 

Size. Ratio -j. Number of Cylinders. R.P.M. 

4^X5^ 1.2 4 single-acting four-cycle 900 

6X9 1.5 2 " " 250 

5fXi2j 1.6 1 " " 300 

11JX21 1.7 1 " " 170 

20.08X25.56 1.3 1 double-acting four-cycle 150 

25 X25 1.0 1 single-acting four-cycle 180 

29 X40 1.4 1 ' * * ' 1 10 

$0.55 X51.24 1.3 1 double-acting four-cycle 90 

22. Performance, Economy, and Thermal Efficiency. — The per 

:ent of heat supplied to an engine that is transformed into work is 
the thermal efficiency. 

Heat supplied to an engine is measured in B.T.U. per hour, 
ind is the product of the weight or volume of fuel per hour and 
the calorific power of the fuel in B.T.U. per pound or B.T.U. per 
:ubic foot respectively. This calorific power of the fuel may or 
may not be taken as that given by the calorimeter. When the 
Fuel contains any hydrogen its combustion yields steam and the 
:ondensation of the steam yields water. This latter condensation 
idds to the true heat of combustion the latent heat of so much of 
:he steam as is condensed. Engines can never use this heat of 
:ondensation. Wherever the hydrogen in the fuel is known, two 
:alorific values can be found, and these are called the higher and 
:he lower values. The former is that given by the calorimeter, 
ind includes the heat of steam condensation; the latter excludes 
Jhis latent heat. 

Work done is measured in either B.H.P. or I.H.P. ; that is, foot- 
pounds per minute at the wheel rim divided by 33,000-, or foot-pounds 
per minute behind the piston divided by 33,000. The latter is 
greater than the former by so much H.P. as is lost in the engine 
itself, as was explained under Mechanical Efficiency. 

The performance of an engine can rationally be given in several 
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ways, but without defining which quantities are compared, the 
terms economy or thermal -efficiency may be misleading, especially 
when comparing two engines whose thermal efficiencies are based 
on different units. 

Thermal efficiency may be expressed as follows: 

(l) £ ?jy-_X 33000 * 

^ ' l ""B.T.U. per minute in fuel (higher value) X 778 

ft. -lbs. per minute at brake , x 

... (44) 



ft.-lbs. per minute in fuel (higher value) 

This may be called the thermal efficiency based on brake horse- 
power and the higher fuel value. 

(2) Similarly thermal efficiency based on brake horsepower and 
lower fuel value is equal to 

E B.H.P.X33000 ( . 

2 B.T.U. per minute in fuel (lower value) X 778* * ^ *>' 

(3) Using indicated horse-power as the output unit the follow- 
ing two values will be given : 



I.H.P.X 330 00 

3 " B.T.U. per minute in fuel (higher value) X 778 ' ^ 



and 



u , F . I.H.P.X 33000 

w 4 B.T.U. per minute in fuel (lower value) X 778' ' w; 

All these ratios are rational and justifiable, but it must be care- 
fully defined, in expressing thermal efficiencies, which of these 
quantities is meant. 

Suppose an engine gave 4 B.H.P. and 5 I.H.P. with 100 cu. ft. 
of gas per hour whose higher calorific value was 600 and whose 
lower was 550 B.T.U. per cubic foot, then we should have 

_ 4X33000 ~ . 

E i~— = I 7% approximately; . . (48) 

-T-X600X778 

ft _^x»?»__ 1( , +% .. . . (49) 



6^X550X778 
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5X3 3000 

£ 3 = Tnn * v =21% approximately; . . (50) 



fc X6C0X778 
F 5X3 3000 ~ „ 

^ ^ =23% . . (51) 

•^■X55oX/78 

It will appear from this what confusion will result from neglect 
F the accurate definition of efficiency arising from the different and 
1 correct methods of defining input and output of energy. In 
tost cases the higher and lower calorific values do not differ so 
luch as here assumed. In what follows these definitions will 
[ways be given. 

Economy is the term applied to the amount of energy per hour 
lat must be supplied to produce one horse-power, and the follow- 
ig expressions for it are all correct. 

Economy is seldom expressed by symbols, but is always written 
nt as follows: 

. B.T.U. per hour per I.H.P., lower calorific value. 

n a u n << u:~u A «. << << 



higher 
" B.H.P., lower 

it it n <i << Ui~U*>~ «< «< 



«« «« ft «< "DT3U 1^„.^« it << 



higher 

The economy of gas-engines will not vary greatly when com- 
irisons are made on the best conditions in each case and an easy 
umber to remember is 10000 B.T.U. (lower value) per I.H.P. 
3ur as the average performance. It must not be imagined that 
3 variations occur from this, for nothing could be farther from the 
uth, as will be shown presently. 

23. Efficiency by Reference Diagram. — It is desirable in study- 
ig efficiencies and economies to have a standard of reference, and 
:tual results will be easily remembered as some definite fraction, 
5% for example, of what would be the standard. For this pur- 
[>se the standard reference diagram already developed is useful, as 
expresses what is the best an engine could do with this cycle or 
rdhod of working and what any exploding engine would do under 
le best conditions with no losses. Any claim of better results in 
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performance by the misinformed, exceeding that possible by the 
standard reference diagram, can be immediately checked. 

As this standard reference diagram is based on terrain opera- 
tions on the gas itself it gives the [ >ossibilities of ihe method exclud- 
ing mechanisms, so that all efficiencies or economics must be 
expressed in terms of I.H.P. instead of B.H.P. output. 

As the gases are confessedly discharged at a temperature higher 
than the condensation of steam at the pressure which is developed, 
the lower calorific value must be used. For the standard reference 
diagram the efficiency depends only on the extent of the compres- 
sion and calling all efficiencies of this diagram by the letter 8, using 
the same subscripts. 



&4-I 



(\\v 



in terms of volumes, 



in terms of pressures; 



(5*) 
(S3) 



where P b = absolute compression pressure, 

P„ = atmospheric pressure. 

A tabic of these efficiencies is added for reference. Table IX, 
the S-i referring to the ratio of foot-lbs. per minute by indicated 
horsepower to foot-lbs. per minute by the lower calorific value of 
the fuel 







Table IX. 






EFFICIENCY $ 


FOR STANDARD REFERENCE DIAGRAM. 
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51-4 


*'% 
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9.0 


*3*>3 


49% 
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50% 








9-5 


t»-fi 


5-° 

11 
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81.8 
88.2 


sii 


'54 3 
161.7 


«5 




*% 






7 5 


101.9 


44% 
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As this table is to be used for comparison with observed effi- 
riencies, which can never be accurately known to three places of 
iecimals, the per cent is here given to the nearest two figures only. 

24. Economy. — If there were no losses, one B.T.U. per minute 

vould give 778 ft.-lbs. per minute behind the piston, or 60 B.T.U. 

3er hour would give 778 ft.-lbs. per minute behind the piston. 

778 
tlence 60 B.T.U. per hour should give I.H.P., whence B.T.U. 

r & 33000 

33000 
>er I.H.P.-hour«= ^- x6o = 2545, with no losses of any kind. 

rhis then is the theoretic economy for any engine. When the 
ingine is a gas'engine and the heat derived from fuel with hydrogen, 
he precautions noted in determining this 'B.T.U. per hour from the 
juantity of fuel and its calorific power should be remembered and 
vhen higher or lower value is used it should be so stated. 

Guarantees of performance are best stated at so many B.T.U. 
>er hour per I.H.P. or B.H.P. as determined by the Junker calo- 
imeter for gases or by the Mahler bomb for solid and liquid fuels, 
rhis is done because in the test for fulfillment this is an easily deter- 
nined quantity, but gives the higher calorific value. As will be shown 
ater, the fuel may change with conditions, especially in producer 
vork, the method, time, load, place, number of times, etc., of meas- 
irement of hydrogen should be clearly defined as well in the con- 
ract. 

It sometimes happens that in large engines the quantity of gas 
annot be measured, but by analysis and calorimeters its calorific 
alue can be found direct and the air necessary for its combustion 
alculated. These measurements furnish an easy means of express- 
es approximately its thermal efficiency or economy by using the 
tandard reference diagram. By slightly varying the mixture there 
all be found a best card; that is, a card having the largest mean 
ffective pressure. This will correspond to the mixture having the 
reatest heat of combustion which will be approximately that mix- 
are of air to gas determined by the chemical analysis as theoretically 
orrect. 

Thus there will be at hand, 

i°. Air to gas. 

2 . Hydrogen. 
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3°. Actual P for i° and 2°, called P 9 , from which can be calculated, 
4°. Theoretic P for standard reference diagram and the ratio of 
actual P f to theoretic P. 

From this can be calculated the B.T.U. per hour per I.H.P. by 
multiplying the theoretic economy by the above ratio. One cubic 
foot of gas per stroke calls for a displacement of (fl' + i) cubic feet 
and yields PLa or 144 PLA foot-lbs., but LA is the displacement. 
Hence 

144PLA = 144^(0' + 1 ) ; 

60XHXN B.T.U. per hour yields ^ v ; I.H.P. 

r J 33000 

Hence B.T.U. per hour (low) per indicated horse-power is 

6oX2fXiV X33000 
i44P(a / + \)N ' 



«— 1 



'■s-^-ftn 



£w<--4-(r) 



from formula (35). Hence 

B.T.U. per hour ) 60X ^X3 3000 

(low) per I.H.P. \~ 

144 X' J 
14 

60X33000 

But *§ — -2545 -B.T.U. per I.H.P. per hour for any en- 

778 

gine with no losses, while l 1- !^ 5 ) J =$4, the thermal effi- 
ciency of the standard reference diagram based on I.H.P. and lower 
calorific value. 
This gives 

B.T.U. per hour (low) per I.H.P. for ) 2545 

the standard reference diagram ) & 4 ' ^4/ 

as might have been expected without analysis. 



S° 
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If now, using this fuel, the actual engine gave a mean effective 
pressute i", then its thermal efficiency E, would be given by 

, r 



£.-e.ij 



(55) 



That is, the thermal efficiency of the actual case is equal to the 
thermal efficiency by the standard reference diagram multiplied by 
the ratio of standard to actual M.E.P. This latter ratio is given 
for various cases in practice and has been called the diagram factor. 
From the above we may write 

B.T.U. per hour (low) per I.H.P. = Con ^, ta " t . . (56) 

for the same conditions of mixture, gas, and speed, with different 
mean effective pressures. Hence 



B.T.U. per hour per 
I.H.P. for engine with 
mean effective pres- 
sure P' 



B.T.U. per hour per 
I.H.P. for reference 
diagram with mean 
effective pressure P 



P' . 
This rp is the diagram factor already discussed. 

Economy in terms of B.T.U. per hour per I.H.P. for the stand- 
ard reference diagram is given in Table X. 

Table X. 

ECONOMY OF STANDARD REFERENCE DIAGRAM. 
In B.T.U. pMhour per I.H.P.- ***- s . 
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phMM. 
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46% 


SS3S 
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54'5 


4-S 
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139-6 


48% 


53°a 


J.O 
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37% 


6879 






14J.0 


49% 


5'94 
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39% 


65*7 
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<54-3 


49% 


5"94 
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41 Iff 








161. 7 


50 % 


5090 


6.5 


95- S 


**% 


6059 




5 


169.0 


$°% 


5000 


7.0 


101.9 


* 3 % 
44% 


59'9 
S78? 




176.4 


S'% 


4990 
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It thus appears that, given the diagram factor for a given case, 
the thermal efficiency can be obtained at once as well as the econ- 
omy, provided a table of values for (he various effects by the standard 
reference diagram is available or a curve like Fig. 12. When not 
available, the quantities needed are easily calculated. 

Anything that will affect the mean effective pressure of a full 






charge will affect both thermal efficiency and economy based on 
Indicated horsepower. Anything that affects the engine losses in 
addition to the above will affect the thermal efficiency and economy 
based on brake horse-power. 

J5. Application of Diagram Factors. — Diagram factors found for 
BKan effective pressures can be applied to economy and efficiency 
(fetemi nation, but always with exercise of some judgment. Results 
from (he published reports of distinguished experimenters are always 
I hill* 100 good to be used in the e very-day routine of designing, 
building, and operating for two reasons. First, they arc generally 
Hit- best results obtainable from the engine adjusted to its best con- 
ditions, and secondly, they are obtained by the best men of the 
.ho will accept and publish only the best results as 
they recognize them, and probably of many days' running only a 
fei hours' results are accepted. On the other hand, the buyer will 
demand, and rightly, an economy guarantee based on the ordinary 
condition of the apparatus. 
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To illustrate this point of caution some results reported by 
r. Clerk in a very recent lecture will be given and compared with 
3 figures presented for diagram factors. He calculates the air- 
rd efficiency for the engine tests reported by Professor Meyer in 
jrmany and Professor Burstall in England. 



xerved Efficiency. 


Efficiency. 


Actual /?a 
Standard g 


Experimenter. 


.250 


■44 


..58 


Meyer 


.244 


.42 


.58 


1 1 


.214 


•37 


.58 


< t 


.188 


•33 


•57 


a 


.189 


■33 


•57 


Burstall 


.212 


36 


•S9 


< < 


.219 


■43 


•5* 


1 < 


.231 


•47 


•50 


< 1 


.166 


•33 


•50 


ti 


.187 


*6 


•52 


a 


.172 


43 


.40 


1 1 


.l8l 


47 


..* 


« t 



The results of Meyer were on compressions 40 to 80, and Burstall 

used variable compressions, but with compression rings, to 
ing about these results. The best results here for diagram factors 

1 about 9% greater than given in the text as reliable. In general 
will be found that these results of experts on engines particularly 
rrect in adjustment will run from 5% to 15% better than the 
igram factor that it is wise to employ. If the d'agram factor for a 
rticular case seems to be about right at 45% then it is probable that 
th everything at its best the factor may prove to be 50% to 60% • 

In fact, Mr. Clerk says that actual efficiencies will vary from 
to .6 of the air standard efficiencies, although it will be better not 
depend on this but rather to go below, using figures .40 to .55 

ordinary full-charge engines and lower still for special kinds 
ted. 

26. Variation in Performance with Conditions.— The investigation 
nature of the change in economy and efficiency with some con- 
ions most frequently encountered is desirable here, as the above 
cussion is based on the best results for an engine. A guarantee 

economy should include conditions under which it is to be 
asured, full load or not, best ignition and mixture or constant 
ting, highest speed or mean speed, gas pressure, etc., as all these 
ngs exert influences. 
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A 10-I.H.P. hit-or-miss governed Otto engine on 550 (low) car- 
breted water-gas gave, with different settings of the gas-valve, effi- 
ciencies varying both ways from a maximum indicating on the one 
hand excess of gas and on the other excess of air as follows : 



Gas-valve Number. 

9 
8 

7 
6 

5 



£ - 



Brake energy 
Fuel energy (higher value)* 

16.0% 

16.5% 
18.0% 

19.0% 

IO.O% 



The engine was in ordinary running condition, with the usual small 
leaks and constant ignition. 

These results are plotted in Fig. 13. Humphrey reports a 
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Gas Valve Setting 

similar curve, Fig. 14, for Mond gas from a 400-H.P. Crossley 
engine, but expressed in terms of quantity of gas per stroke. 

When ignition and mixture were kept constant at the most 
advantageous point on a hit-or-miss engine of 6 B.H.P. the following 
results in efficiency with load were obtained : 



Load B.H.P. 

O 
2 

4 

6 
8 



£1- 



Brake energy 



Fuel energy (higher value)" 

15-5% 
18.5% 

22.0% 

22. 
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These results are plotted in Fig. 15 and show the nature of the 
curve, which would not change much in form for more or less leakage 
than existed. 
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A small kerosene injection engine, hot-bulb type, with the usual 
lack of uniformity of mixture and governed by variation of mixture, 
gave the following results with load: 



•75 

1.25 
2.00 



Brake energy 

Fuel energy (higher value)' 

■3% 

14% 
■5% 
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These results are plotted in Fig. 16 to show the nature of the 
curve, which appears, as it should, not very different from Fig. 15 
or the first part of Fig. 13 for the conditions. 
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With gasolene previously vaporised and full charges Halladay 
and Hodge report a maximum of 

E, ^ia.o'/c at 9.43 B.H.P. (about J load). 
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Ddng kerosene in a similar way and in the same engine 
E, -19.2% at 9.1 B.H.P. (about j load). 

These figures are lower where kerosene is used in hot bulbs 
by injection and where gasolene is used in carburetors requiring 
much vacuum. 

The Society of Arts' trial reported by Dr. Kennedy gave for the 
Atkinson engine on gas 623 B.T.U. (high) the results tabulated. 

I.H.P. 
11.15 
6-95 

These results are plotted in Fig. 17. 



B.H.P. 


Cu. Ft. GasperB.H.P.-bour. £,. 
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10 



There was also reported for a 17-H-P. Crossley JS 3 > 
(high), and for a 5-H.P. Griffin £5 = 19.2% (high). 
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Tests by Aime" Witz < 
lows, plotted in Fig. 18: 



1 Charon engine gave results as fol- 



B.HJ. 

60 
53 



Cu. ft Gas per B.H.P.-hour. 

I 5- 1 

16.5 

20. Q 

24-5 



27.1 
24.8 

20.4 
16.7 











V 


..1 


- 





































































































































Another test reported by Philip Dawson gave the results plotted 
in Fig. 19 and tabulated below. The curve is given more to show 
its nature than for comparison. 

B.H.P. Ctt. Ft. Gas 
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28 



a per Ii.H.l'.-hour. 
1.86 
44 
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A Stockport engine tested by Mathot gave the following, which 
show a curve nearly flat for more than half load: 



Electric H.P. 


Cu. Ft. Gas per E.H.P.-hour. 
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A single-cylinder Crossley engine 8J X 24, at Worcester, Mass., 
tve, on producer-gas, 140 B.T.U. per cu. ft. (high) (Fig. 20). 
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These results are nearly all at full bad and show how, even with 
precaution against change of conditions, the efficiency from obser- 
vations may vary considerably. The nature of the mean curve, 
however, is the same as for other similar cases. 

Professor Robertson reports a test on a three- cylinder i3"Xi4" 
Westinghouse engine at Lafayette on nco B.T.U. natural gas 
(high) which is reliable, though not the only one made. 



I.H.P. 


Cu 


Ft.Gasperl.H.P 
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F-t° 


Indicated energy 
Fuel energy (high) 
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Another test reported by the builders, on a 600-H.P. ag'Xy/' 
engine gives both E 2 and E 4 as well as economy on B.H.P. and 
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I.H.P. This is plotted in Fig. 21 to show how very rapidly change 
in economy results with throttling effect due to light loads, rather 
than to give the actual figures, which arc good at full load rather 
too good in fact for continued performance under working con- 
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A test of the producer plant and engines at Cassel by A. Witz 
gave some results on coal. The coal contained 10% ash and i% 
water and test ran six hours, using 

In producers 323 lbs. coal. 

" boiler 126 " " 

Total 449 " " 

Total coal per hour, 74 lbs. 

I.H.P 60.08 

Friction H.P 9.12 

B.H.P 56.96 

Pounds fuel per hour = 123 lbs., total on f-load constant but the 
calorific value of the coal is not given. 

In a Dowson plant of Fielding and Piatt the guarantee was 
for 85 cu. ft. of 145 B.T.U. gas per B.H.P. -hour or 12,825 B.T.U. 
higher value. 

A common American guarantee for producer plants of 1000 
H.P. more or less is 1 B.H.P. on 1 lb. coal gasified, excluding that 
used in the boiler, or 11,000 gas B.T.U. (high) per hour per 3. H.P. 

There is reported by the builders a result of 2.97 lbs. dry wood 
gasified in Loomis-Pettibone producers at Nacozari, Mexico, the 
gas being used in Crossley engines. 

Mond-gas results, reported by Mr. H. A. Humphrey, show for 
400-H.P. Crossley (142.5 high) £3 = 23.76%. 

500-H.P. Premier (143-8 high), £3 = 25.6%, the latter engine 
having higher compression than the former. 

Furnace-gas results, reported by C. A. Cochrane, show for a 
600-H.P. Cockerell engine at Ormsby Iron Works, on 98 gas (high), 
the engine compressing air, 

£3 = 25.43% (I.H.P.), 
£1-19.32% (Air H.P.); 

this is for full and best load. 

Much of the gain in efficiency with blast and other weak gases 
is due largely to the compression, and the nature of the increase is 
shown by the Kennedy reports to the Society of Arts Committee 
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on a series of changes on compression. This curve is plotted in 



Fig. 22. 
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The statement of an average E is not a good thing for where 
E varies, there is a reason to be sought in the conditions, and 
experimenters never give all the desirable conditions. The best that 
can be done to guide the designer is to give two limits between 
which the E will lie for the best case in any engine ; that is, with 
full charges, best mixture, proper ignition, no leaks, no back pressure. 

The economy of a small engine is not so good as for a large 
engine of identical design, and this should be borne in mind by the 
designer. To show just how the efficiency and economy vary with 
size, it is necessary to test a full series of sizes of the same make and 
of identical design. This has never been done, chiefly because in 
putting on the market a series of sizes, identical design is not the 
rule, but rather approximations arc made which permit of inter- 
use of patterns for certain parts and because of the desirability of 
keeping dimensions to whole numbers or simple fractions of inches. 
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FORCES IN THE ENGINE DUE TO GAS PRESSURE 
AND INERTIA. 

37. The Actual Indicator Card. — Many changes of form in the 
curves constituting the indicator card of a gas-engine occur in practice 
from various causes to be noted, and both the nature of the changes 
and their extent and variety greatly exceed those found on steam- 
cards. This makes interpretation of real cards difficult, and pre- 
diction of probable cards for a new engine still more so when the 
principles which cause the changes of form are not clear. These 
principles while simple in themselves arc complex in application, 
and results cannot be too thoroughly studied, more so than the 
space here allowed will permit, by reference to papers and other 
published works on the properties of explosive mixtures. 

The curve characteristics are conveniently divided for study 
according to the phase affected. Thus compression, combustion, 
and expansion lines being all high-pressure effects and recorded 
by high-scale indicator springs Nos. 160 to 300, can be grouped 
together. Suction and exhaust lines involve pressures relatively low, 
and as recorded by the high-scale spring, the variations do not show 

»up well, so light springs Nos. 10 to 30 are used. These suction and 
exhaust-line changes are not important as affecting the driving of 
the engine in themselves, but only as enabling the effects observed 
on the other lines to be interpreted. Thus if a rounded combustion 
line replace a previously straight one and at the same time exhaust 
pressures have been found to be higher, then probably neutral 
dilution of the mixture from excessive back pressure caused the 
effect. 

tiS. Form of Card with Different Gas Proportions.— A card 
m an ordinary four-cycle Otto engine using carbureted water- 
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s of 560 B.T.U. per cu. ft. (high) is shown in Fig. 23. The 
mpression is 73 lbs. absolute and the pressure ratio measured 
'/» stroke is 3.8. Two lines, (a) and (b), appear near the crest 
this diagram ; these are the result of the governor action, which 
of a hit-or-miss type. Supposing the mixture to contain not 
lite enough air when engine is running at full load and produc- 
g line (a), then after a miss the clearance will contain air and 
pply the deficiency, enabling more gas to burn and raising the 
ie to b. Several lines, then, on one card, when the engine has a 
Led point of ignition and constant speed, indicate a change in 
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c proportions of the working mixture, which contains air, gas, and 
>t burnt gas. Every combination of these ihree gases has a differ- 
t rate of propagation; more neutral or excess of either air or 
s will make the rate of propagation slower than with no neutral. 
tie fastest mixture would be oxygen with some pure gas without 
active material. Using air instead of oxygen adds a large amount 

nitrogen and results in a slower mixture, and finally using gases 
th CO2, O, steam, etc., and mixing with the burnt gases in the 
:arance will reduce ihc rate of propagation still more. Addition 

inactive gases, ihcn, to the mixture, cither as neutral, excess of 
r over what the gas present needs, or excess of gas over what the 
ygen present will support, results in a flatter card than without 
lution, when piston speed and point of ignition are constant. A 
ixture with excess air gave the card (Fig. 24) in the same engine 
at produced Fig. 23. 

A miss stroke in this engine with hit-or-miss governor results in 
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a card (Fig. 25), the line ab indicating compression and be expan- 
sion after the miss. The latter is lower because of leaks past pis- 
ton, valves or ignitor, which are rarely absent in these engines. 
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When a much-diluted or a naturally weak gas is to be burned 

the cylinder some means must be adopted for increasing its rate 

of propagation and making it more easy to ignite. This is done 



with producer and blast waste gases by high compression; a rise 
of temperature due to c mpression and the increased density that 
result produce the effect desired. A card from a large two-cycle 
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engine on blast-gas is shown in Fig. 26. Here the compression is 
170 lbs. absolute on blast-fumace gas of 90 B.T.U. per cu. ft. and 
the pressure ratio at '/, e stroke is 2. These weak high-compres- 
sion gases give a higher and thinner card than the richer gases, 
as may be seen by comparing this card, Fig. 26, with Fig. 23 for 
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560 B.T.U. gas or with Fig. 27 on natural gas, 1000 B.T.U. This 
card (Fig. 27) is from a Warren engine with water-cooled piston and 
valve which permits high compression to be used, 120 lbs. absolute 
in a cylinder 25" diameter, at part load. The pressure ratio at 
7w stroke is 3.7, which is lower than it should be because the 
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cylinder has not a full charge, the governor having acted to throttle 
the supply, and secondly, because the line a-b, indicating back 
pressure, which, however, is easily eliminated, shows there must be 
confined in the cylinder at the end of exhaust some burnt gases, 
making the incoming charge already rarefied by the governor some- 













s-ig 


08 










































«.E 


p. si- 


























F 













































































what more than usually high in percentage of neutral. Carrying 
this throttle-governing action still farther, there will come a time 
when only a very small quantity of air-gas mixture will enter the 
cylinder and there meet the full clearance charge of burnt gas. 
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°S 
rate of propa- 



giving to the resulting charge high i 
gation. 

A Crussley-engine diagram on coal-gas, 550 B.T.U., with a. com- 
pression of 90 lbs. absolute and having at '/„, stroke a pressure 
ratio of 3.4, is shown in Fig. 28, and this is at full load with no 
throttling. After throttling so that the compression has fallen as 
a result of initial rarefaction to 55 lbs. absolute, or one-half, the 
increase in percentage of dilution makes the rate of propagation so 
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slow that with the same speed and ignition the pressure can rise but 
little above the compression as in Fig. 29. The cut-off governors 
produce the same effect on the cards. 

29. Piston-speed Effects. — The preceding illustrates the fact that 
the combustion line with constant ignition-point will depend for its 
form on the rate of propagation of the resulting mixture at cons ant 
speed, or more properly, on the relation between rate of propagation 
and piston speed. The flattening elTc-ct due to retarded rate of propa- 



-v M.Ef.,!.o H 



gation with constant piston speed will result precisely the same if the 
rate of propagation be kept constant by regular full charges of mix- 
ture, constant in proportion, and the piston speed be at the same 
time Increased. This is shown in Figs. 30, 31, 32. Fig. 30 shows 
a card on gasolene from a Craig four cycle engine with a com- 
pression of 45 lbs. absolute and a pressure ratio at '/„ stroke 
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of 3.6. It shows the charge to be slightly throttled; the speed is 
about 150 R.P.M. By increasing the speed without further adjust- 
ment to 500 R.P.M., Fig. 31 results, and at 750 R.P.M. the card 









M 




Ki 


.at 










« 


■ 































































Fig. 32 results. The fact that the throttling effect also slightly 
increases at these speeds results in a somewhat rarefied mixture, 
but this by no means accounts for the rapid fall of the combustion 
line. It is as if the piston were running away from the flame cap 
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so rapidly that the combustion could not produce heat quickly 
enough to keep the pressure up. 

30. Ignition-change Effects with Throttling. — The third effect 
that causes serious alterations in the form of the combustion line 
is the point of ignition. The ignition-point, if kept constant, will 
permit a flattening of the card with cither constant mixture of air, 
gas, and neutral at increased piston speed or with increase of neu- 
tral in the mixture. It is ]>ossible, however, to prevent this flatten- 
ing, at least to some extent, by advancing the ignition -point. 

This is illustrated by the cards that follow, which show in nine 
cards three different points of ignition with three different throttle 
positions; that is, with three different percentages of dilution, from 
the rarefied charge being mixed with the same burnt gases on the 
clearance, and exaggerated somewhat by the back pressure con- 
tinually present. Of this set, Fig. 33 (a) shows a card from an auto- 
mobile engine with spark properly advanced, the engine burning 
gasolene, with a compression of 50 lbs. per sq. in. absolute and 
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showing a pressure ralio of 40 at l / m stroke. By keeping throttle 
und speed the same, thai is, by keeping a constant rate of propa- 
gation and piston speed, setting the spark just on the center gives 
card Fig, 33 i/)j- A still later sparking- point gives the card Fig. 33 (c). 
This effect becomes more marked aa the percentage of dilution 
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s by a partly closed throttle, as is shown by the series, Fig. 
34 (o). (b)> W. with the same points of ignition and full clearance 
as in the previous case, but with the incoming charge rarefied. 

A still further closing of the throttle gives the series of Fig. 35 (a), 
ib), If), which exhibits the effect of still slower rate of propagation 
with the same three ignition points. Taking these cards in sets 
of three, but the other way, cards Figs. 33 (a), 34 (a), 35 (a) show the 
effect of rarefying the charge by the throttle with proper point of igni- 
tion. The set Figs. 33 (b), 34 (b), 35 (b) and Figs. 33 (c), 34 (c), 35 (c) 
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show the same with successively later ignitions. Any of the cards with 
the flat tops could be raised a little by more advanced ignition, 
but not entirely brought up to the best and most economical form 
like Fig. 33 (a). This would require not only an advanced spark 
but also increased compression, whereas they suffer from decreased 
compression. This spark -throttle variation producing, with but 
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little motion of the links, the widely varying cards shown, furinshes 
the best means of quickly controlling an engine and is used in auto- 
mobiles and boats. It must be remembered that this method 
decreases the economy, first, because energy is lost by drawing the 
:harge through the throttled valve, and secondly, late ignition results 
in but little work with a full charge. The difference in Figs. 33 (a) 
ind 33 (c) show the loss of economy due lo a late spark. The other 
loss, due to suction throttling, will show in an apparent decrease 
in mechanical efficiency, as has been pointed out. It should be 
:lear, then, that the form of the combustion and expansion lines 
depends on the relation between rate of propagation and piston 
speed in the first place and between rate of propagation and point 
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of ignition in the second. The rate of propagation depends pri- 
marily on the percentage of inactive gases in the mixture, and 
secondly, on the degree to which it is compressed- 

The height to which a proper explosion line should rise depends 

on the B.T.U. per cubic foot of mixture, considering as mixture 

■, gas, and all neutral present, as already explained. To illus- 

,te the change in form of card with load on a cut-off control 
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of mixture, the pair of cards, Fig. 36, from a Sargent engine are 
presented. It is to be noted that the suction line after cut-off 
at A falls below B and ihc subsequent compression line rises along 
the same line, involving no loss. However with a constant clear- 
ance the percentage of dilution increases, because to constant 
quantities of burnt gases there is added each time a decreasing 
amount of mixture. To complete the list of examples for differ- 
ent fuels, Figs. 37, 38, 39 are presented. The first is from the 
Nacozari-Crossley engines on Loomis-Feltibone producer-gas. The 
second and third cards, Figs. 38 and 39, are respectively a kerosene 
card and a gasolene card, such as result when the vapor is 
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spared outside the cylinder without vacuum carburetors and 
when the charge is a full one. The low compression and high- 
pressure ratios are the characteristics of cards on these rich fuels. 
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Carburetor or hot-bulb vapor generators would seriously lower 
the pressure ratios here shown. 

31. Pumping Diagrams or Low-spring Cards. — These cards so 
ar presented are on such a large scale of pressure as to make it 
difficult to read back pressures even as high as 5 lbs. per square 
inch, as well as lite suction, which may go as low as a third of an 
atmosphere. The pressure changes during these parts of the stroke 
are comparatively insignificant in producing work-resisting forces in 
the engine at full loads, but are extremely important in explaining 
the rest of the diagram. A fall in suction of half an atmosphere 
will produce a card of flattened form and of an area possibly one- 
eighth or less of that resulting from a full charge at atmospheric 
Dressurc. Similarly a 10 lb. back pressure will, with ordinary com- 
>ression, practically stop the engine and lower back pressures pro- 
duce successively flattening cards. The proper or improper selling 
4 the valves can also be read from these low-pressure diagrams of 
■j' linn and exhaust, while it is practically impossible to tell much 
>cyond ignition setting and exhaust opening period from the regular 
card. To secure the suction and exhaust lines to a proper scale for 
interpretation, a low scale spring, 10, 20, or 30 lbs. per square inch, 
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is put in the indicator and a stop inserted to prevent any records 
above what the indicator can safely handle. 

Suction in four-cycle engines takes place in the same cylinder 
that compresses and fires the charge, whereas in two-cycle engines 
either the closed crank case or a separate suction cylinder is used. 
When thus prepared, in crank case or separate suction cylinder, 
the charge is introduced into the power cylinder during about '/„ 
of its stroke, at the outer end, by permitting the charge, previously 
compressed to 5 or 10 lbs. in the suction cylinder, to enter the power 
cylinder for this period, while its exhaust ports remain uncovered 
by the piston and the pressure therein remains 1 atmosphere 
approximately. Thus there is in two-cycle engines no exhaust stroke, 
but merely an exhaust period of about '/,„ stroke, corresponding 
nearly to the period of charge transfer from suction to power cylinder. 

32. Suction- and Exhaust-line Changes. — If the suction-valve 
be mechanically opened, its lift, when cam-operated, will be some- 
what proportional to the piston speed, so that the suction line will 
be nearly horizontal, as in Fig. 40, starting just beyond A, the point 
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where exhaust ended at atmosphere, and extending to B, the point 
where compression begins. Too late an opening of the suction will 
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show if very late, by a quickly falling line, AB (Fig. 41) rising to 
C, the mean effective suction line, when valve has opened normally. 



FORCES DUE TO GAS PRESSURE AND INERTIA. 



73 



Too early an opening of the suction affects not the suction line 
but the exhaust, as in this case exhaust gases will enter the mixing- 
chamber. 

In multiple-cylinder engines, however, in which exhausts are 
coupled together, too early an opening of exhaust of one cylinder 
may give a line like A BC at the end of the exhaust of another (Fig. 
42). This is not properly part of the suction line, but a blowing 
back of an early exhaust from another cylinder. 
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If the valve passages be too small, or the charge be intentionally 
throttled for governing, the suction line will of course fall lower. 
Too early a closure of the suction-valve will \k- shown by a drop 
AB (Fig. 43), due to the expansion of the confined charge and of 
course coinciding with the first part of ihe compression line. 

Too late a closure of the suction-valve will result in the partial 
rejection of the charge back into the mixing-chamber at a pressure 
slightly above atmosphere ABC until compression begins (Fig. 44) 
at (.' after closure. 

With automatic suet ion -valves a doubly rapid falling of the 
suction line ABC (Fig. 45) results, especially if the spring be too 
stiff or passage loo small for the speed. The part AB indicates 
the spring resistance or the pressure below atmosphere necessary to 
open the valve. The part BC indicates loo small a valve opening 

rather too high a gas velocity. 

The form of governor known as the cut-off operates to reduce 

the charge in the cylinder by sharply causing suction to cease and 

substituting for the latter part of the suction stroke an expansion 

of the charge already received, giving suction lines for varying load 

e Figs. 46, 47, and 48, B indicating the point of cut-off. 

In two-cycle engines this suction stroke is completed in either 
separate cylinder called a pump or in a closed crank case of the 

ne, and the periods of opening arc more or less definitely fixed, 
'ith a spring-closed check <.<r mechanically operated valve the 
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suction line is the same in form as for the four-cycle cylinder, exc< 
for the shortening that results from the uncovering of the cyliac 
port by the piston. However, in engines of the class that have t 
such ports, one from the crank case to the air and another fn 
cylinder to air, with a third connecting crank case and cylinder a 
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all covered or uncovered by the piston, the suction line is a sho 
pressure rise BC (Fig. 49) at the end of the line AB t indicati 
the expansion of the confined crank-case charge. At point B 1 
atmospheric port opens and stays open while the piston moves 
C and back to Z>, in line with B, at which point crank-case co 
pression begins. 

When partial charges are introduced, the compression line \ 
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not begin to rise above atmosphere until after the beginning of the 
stroke and the point where rise begins gives a measure of the extent 
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of the charge. Should the rise begin at half stroke, a half charge 
has been lost, as in Fig. 47. In this way throttling losses are most 
easily measured. 
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Exhaust lines will indicate, among other things, two which are 
of great importance. First, too small an exhaust-valve opening, 
shown by the exhaust line being continuously above the atmosphere. 
Secondly, should the exhaust-valve open too late, the expansion line 
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high spring card will fail to fall to atmosphere, while the low 
card shows a slowly dropping line to the point where suction 
— line CD, Fig. 40. 

ic forces acting on the piston of an ordinary four-cycle engine 
fferent for every point of the stroke for two successive revo- 
>. To exhibit these changes, it is necessary to plot these 
res upward from a base line representing for the four-stroke 
four times the piston path and for a two-stroke cycle twice 
iston path. The pressures forming the ordinates - are the 
aic sum of the pressures on the two sides of the piston and 
ually plotted with reference to the zero or base line, positive, 
ward, when they act to assist the motion, and negative, or 
yard, when resisting the motion of the piston. 
. Gas Forces on Piston from Indicator Card. — In single- 
four-cycle engines, on one side of the piston there acts the 
pheric pressure, while on the other side pressures fall below 
ise above this. Two-cycle engines in which the suction 
place on one side of the piston or in the crank case, the 
res on both sides of the piston differ continually from 
tmosphere, but the pump pressures are usually negligible. 
j in a two-cycle engine the suction and precompression take 
in one cylinder and the cyclic compression in another, the 
i supplied is usually double-acting and the pressure on both 
of both pistons is continually varying. Tandem cylinders 
I be treated separately and results afterward combined. In any 
i, the piston force-diagram will differ with the load, but the 
: of the variation is best studied by drawing a full-load and 
Dad d agram, from which the nature of the curves at any inter- 
te load can be estimated at a glance or plotted if necessary. 
. To Draw the Probable Gas Force-diagram. — The cooling 
walls will prevent the compression line following the law 

te nature of the effect is moreover variable, so that no equa- 
rith a constant exponent will exactly represent a real com- 
)n line. If, however, as in this case, the line is wanted approxi- 
r' and its terminal point more especially, it can most easily, 
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and as accurately as possible, be found by using a table of cu 
roots in connection with the equation 

PV$V=C. 

The pressure rise and form of combustion line can be fairly 
well predicted from what precedes, while the expansion line can be 
found by applying at successive points the appropriate pressure 
ratio. 

This gives the probable card from which the gas force -diagram 
can be constructed. These gas force -diagrams are given for various 
conditions under Turning Effort, where they are combined with 
the inertia diagrams for the reciprocating parts, to find the forces 
acting along the connecting-rod. 

35. Kinetic Forces.— The movement of a mass when its velocity 
is increasing requires the impressment of a certain force whose 
magnitude depends on the mass and the rate at which the change 
of velocity takes place. Similarly the retardation of velocity of a 
moving mass causes it to impress a force on whatever causes the 
retardation. Such forces arc termed inertia forces. 

Let a=acceleration of mass in feel per second; fex« A&c . 
W •= weight of mass = Af£=MX32.2; 
F— force of inertia; 

Wa 



1 hen will 



F- 



32.2 



Any reciprocating mass, such as a piston or valve stem, generates 
such forces in an engine; so also do rotating masses with variable 
angular velocity, such as fly-wheels. 

Another kinetic force is met when a mass rotates about a 
center; this force becomes apparent in the tendency of the mass to 
move outward radially from the center and is called the centrif- 
ugal force, 

Let r = radius at which the center of gravity of a rotating 
mass moves in feet; 
V- linear velocity of the mass in feet per second on the 
circular path; 

w - angular velocity in radians pec second = - ; 
F c = centrifugal force in pounds; 
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then 

„ Mv 2 Wv 2 Wv 2 

F =* = = (c*) 

e r gr 32. 2r yDU 

= .00034 WN 2 r (58) 

This can be expressed in terms of angular velocity by 

W 

F=Mio 2 r = afr (so) 

c 32.2 VJV 

Example. — A crank-pin weighs 50 lbs. and the crank radius 
is 9", what force is exerted on the cranks at 500 R.P.M. by the 
pin alone? 

F c '=.ooo34X5oX25o,oooX.7S = 3 l8 7-5 lbs - 

36. Effects of Kinetic Forces in the Engine. — An ordinary 
engine has reciprocating parts and rotating parts with constant and 
variable angular and linear velocities; hence the mere movement 
of the parts, with or without gas pressures acting, will set up in 
the mechanism a system of forces which have the following effects. 

i°. The reciprocating force of piston, wrist-pin, a part of the 
connecting-rod and also of piston-rod and cross-head, if the engine 
be double-acting, will affect the driving force transmitted through 
the connecting-rod to the crank-pin and modify turning effort; or, 
to put it differently, there will be a difference between the forces 
acting on the piston, due to gas pressure, and the force transmitted 
by the wrist-pin to the connecting-rod. 

2 . As a consequence of the above the angular velocity of crank- 
and fly-wheel will be modified by the inertia of these reciprocating 
parts. 

3 . There will be unbalanced forces and moments acting on 
the frame of the engine, due to these reciprocating parts, causing 
shaking and rocking, which, however, may be reduced by balance. 

4°. The rotating masses such as cranks and crank-arms will 
introduce similar shaking and rocking forces and moments in the 
frame, which may be reduced by balance. 

5 . On both these kinds of kinetic forces will depend, at least 
in part, the strength of certain parts. 
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3 . Besides the parts that have purely reciprocating or purely 
rotary motion, the connecting-rods have both motions at once. 
The kinetic forces due to the connecting- rod exert effects the deter- 
mination of which involves four problems, as stated by Professor 
Dunkerly : 

. The finding of a solution for the resultant force to give the 
rod it- combined motion. 

b. To find the effect of inertia of the rod on the crank-effort 
diagram, or to find the "equivalent inertia force" at ihe wrist-pin. 

c. To find the displacing forces on the frame. 

d. To find the bending forces on the rod due to its own inertia. 
To sum up, then, briefly, these kinetic forces affect 
A =the turning effort; 

B=thc balance or lack of balance in shaking the frame; 
C=the stresses in the involved parts, on which their dime 

• s depend. 

It may happen that such distribution of parts and velocities 
as will give best balance will not give best turning effort ; in cases like 
this a compromise must be made. Stationary engines require, first, 
a constant turning effort, especially when driving dynamos, while 
balance is of secondary though certainly of considerable importance. 
Marine and automobile engines must be balanced first and give as 
Rood a turning effort as possible after, but it must be remembered 
lh.it the turning moment of the shaft is also a turning moment of 
opposite sign for the frame and ihcre will be a tendency to irrcgu- 
l.irly rock because of irregularity of turning moment irrespective of 
all questions of pure balance. 




37. Inertia Forces of Reciprocating Parts.— By Approximate 
'elhod and with Divided Connecting-rod. — Let Fig. 50 represent the 
inncc ting- rod BC, of length / feet, crank CO, of length r feet, while 
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4J5-5 represents the distance the piston has moved from inner 
iead-center when the crank has moved through angle and con- 
necting-rod has moved through angle <j>. 

Put j=a x (6o> 

Then for uniform angular velocity oj the following is true : 

ds 

-j- « velocity of piston along axis; 

d 2 s 

^ = acceleration of piston along axis; 

BO=r cos + 1 cos = r+/-s; 

s I I 

— *=iH cos — cos 6: 

r r r r ' 

CE=r sin 0=1 sin <J>; 

dence sin <f>***a\ sin 0; 

cos ^vi — a{ 2 sin 2 0. 

Developing this by the binomial theorem, 

cos <£ = i 

— \ d\ 2 sin 2 
-i ai*sin*0 

+etc (6i> 

Substituting we get 

5 1 I 

— -iH cos \i — \a\ 2 sin 2 0—$0i 4 sin 4 0, etc.}, 



>r 



s 

-■I 

r 



—cos 

+£ ai sin 2 

+ J ai 3 sin 4 

+etc (6a> 
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These powers of the sines of can be put into sines of multiple 
angles, for 

2 sin 2 — i— cos 2 0, 

2 3 sin 4 0=3—4 as 2 0+cos 4 0, 

2 6 sin 6 — 10 — 15 cos 2 0+ 6 cos 4 0— cos 6 0, etc 

Hence the series above becomes a Fourier series: 



—cos 

—cos 2 (iai-f T V a i 3 +ViV a i 5 + etc -) 
+cos 4 ( Afli 3 + ¥ | 7 ai 6 +etc.) 

—cos 6 ( +*l*0i 6 +etc). . . (63) 

etc. 

dd . 
When the angular velocity w=t- is unifdrm, a term C cos 

represents a harmonic motion completed once in 1 revolution and 

C cos 2 represents another of half period, completed twice in one 

revolution. C cos 3 represents another of \ period, completed 3 

times in 1 revolution. 

Thus the motion of the point is made up of an infinite number 

of simple harmonic motions of periods which are simple multiples 
r of the engine period. The series for (s) is a convergent one, and 
V for rods greater than 3 cranks in length sin <f> remains so small that 

sm^-^-can with fair approximation be neglected in comparison. 

This gives from equation (61 ) 



cos = 1— \a x 2 sin 2 0, (64) 



from which 



s 

-■-»i— cos +i ai sin 2 0, .... (65) 



or 



5-r[(i -cos 0) +£ ai sin 2 ff]. . . . (66) 
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Differentiating and putting linear velocity of crank-pin 

dO 



v=r 



dt 



dt 



velocity of piston =v [sin 0+ $ a\ sin 2 0]; 



d 2 s . i/ 2 

-,"2 *= acceleration of piston = — (cos + ai cos 2 0). 

Put i* 1 = inertia force of reciprocating parts in pounds, 
M=mass of reciprocating parts, 
W =Af Xg= weight of reciprocating parts in pounds, 
a = area of piston in square inches, 
i\T = R.P.M., 

F ( inertia forces of reciprocating parts in pounds per 
a ( square inch of piston, 
2nNr 



v = 



60 



we get from the above and article (35) 



F W 

— = .00034 — N 2 r(cos 0+ai cos 2 0) f 



at the time when the piston has moved a distance 

5=r[(i— cos 0)+£ai sin 2 0], . . 



(67) 



(68) 



measuring crank-angles always from inner dead-center. 

By substituting the values of given in Tables XI and XII 
below the corresponding values of the parenthesis can be found. 



Table XI. 

VALUES OF (01s + u, cos 2 0). 







1 


1 


I 


1 


z 


I 


1 


9 


cos 6 + a% cos 2 


a\ 


<*\ 


<*1 


0i 


Ol 


<*! 


<*i 






30 


35 * 


l-o 


4.5 


5.0 i 


5-5 


6.0 


O 


0+«O 


1 • 333 


I . 286 I . 


250 


1.222 


1 . 200 I . 


182 


1. 167 


30 


(.866+. 5a,) 


1.033 


I.OOQ 


997 


•977 


.966 


957 


•949 


45 


•707 


.707 


•707 


7o7 


.707 


.707 


707 


.707 


60 


(•5-5 a i) 


• 333 


•357 


■375 


.389 


.400 


409 


.414 


9o 


~ a > 


- • 333 


-.286 - 


.250 


— .222 


— . 200 — . 


182 


— .167 


120 


-(•5+-5 d i) 


-.667 


-643 - 


625 


— .611 


— .700 — 


59i 


-.583 


135 


-.707 


-.707 


-.707 - 


•707 


-.707 


-.707 - 


.707 


-.707 


150 


-C.866-.5aj) 


— . 700 


• / - 6 | 


•745 


- • 755 


-.766 - 


■755 


- • 783 


1S0 


- <!-<!,) 


-.667 


-.714 - 


•750 


-.778 


— .800 — 


.818 


-.833 
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Table XII. 



. 


i-m*4-iairi*'l 


-; 


ft 


£ 


* 


A 


A 


A 


„ 





e 




















J" 


■ *34+**i 




17c 


.,*? 


.162 


,159 


'57 








■376 


-.t<M 


B i 




. 14 J, 


■SX 




Do 


.y>+H 


.&i 


.<*>* 


■594 


.584 


■575 


;<-> 


■Wi 
■ 083 




i >+u 


l.6»j 


1. 60s 




1-584 


'575 


1 & 


■ 56J 












I-5*3 




1 753 






■ 


i.ijoB 




c.)k)7 


r.«M 


i.Sgi 




r**7 




:.o 


1. 00 


' '" 


■ . DO 


j. 00 


1.00 


J.00 


* TO 



38. Plotting Inertia Curves. — From these tables the inertia curve 
can be plotted if the crank length r Ijc known, if, secondly, the 
speed -V be known, and if, finally, the weight of the reciprocating 

W 

funs be known per square inch of the piston area — . It should 

W 
be noted thai inertia is iht- same in cases where — N-r is the same 

a 
and ii, identical. 

In single-acting engines the reciprocating parts are simply the 
piston and wrist-pin, together with whatever water the piston may 
contain for cooling and the necessary piping connections; in 
double-acting engines the piston, piston-rod, and cross-head with 
water and piping, and in tandem engines there must be added another 
piston with its connecting piston-rod. 

The connecting-rod may be considered in approximate calcula- 
tions as being partly reciprocating and partly rotating. In the 
diagram of a connecting-rod AB, 
ig. 51, let G be the center of 
avily distant l\ from the wrist- 
)in and fa from crank-pin. Then 
division may be made so 
that B)|/| =m->i'i, where m, ^partial tf ^ 
. at wrist-pin and m-, -partial 
s at crank-pin; also m, + m 2 = m. ^ 
These mi and m 2 partial masses 




Fig. 51. 



most easily found by weighing the finished rod on two scales with 
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?ach end on a knife edge. Roughly one-half the rod may be assumed 
is acting at each end, one reciprocating and the other revolving. 

This use of the approximation resulting from dividing the rod 
arbitrarily and dropping the higher terms of the Fourier series 
: or r gives rise to the name of the method as approximate with 
divided rod. 

39. Effect of Rod Length on Inertia of Reciprocating Parts.— 
The effect of the approximation is best seen in the diagrams, 
Fig. 52 and Fig. 53, for the data given, the only difference being in 
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he ratio j , which in one case is J and in the other J. The low value 

\ gives an incorrect curve, as it results in inertia pressures near 
:he out dead-center greater than on that center. For ratios greater 

:han - = 5 the formula is very good, being almost as good as the 

nbsolutely correct form. 

In sifiglc- acting gas-engines the weight of reciprocating parts 
per square inch of piston will vary with the size of the cylinder almost 
directly. The following curve {Fig. 54) represents average practice 
well enough to permit preliminary calculations to be made for engines 
pet unbuilt, 

40. Weight of Reciprocating Parts in Gas-engines. — The 
W 
quantity -j- varying in the average engine from about .6 in the 

smallest 3i-in. cylinders of automobile engines to about 5.0 in the 
large 30-in. cylinders of slow-speed stationary engines. The speeds 
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of these engines range normally also from 900 R.P.M. in the small- 
est to 90 R.P.M. in the largest. 

Hence the inertia effects for single-acting pistons will bear the 
ratio for these two ranges 

Inerti a of small C X .6 X (900) 2 .6 X io 8 60 
Inertia of large "C X5.0 X (90)2 ~ 5 ~T =I2; 

that is, the inertia forces will be in general about twelve times as 
great in the small high-speed engine as in the large slow-speed engine. 
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Double-acting engines with water-jacketed pistons may have 
reciprocating weights as high as 15 lbs. per square inch of piston 
area for the large sizes, while tandem cylinders have still heavier 
reciprocating weights, possibly 25 lbs. per square inch of piston area, 
Comparing the inertia of the small high-speed engine with the large 
tandem engine for the speeds 900 and 90, 



Inertia of small single-acting .6x(9O0) 2 
Inertia of large tandem 20X (90) 2 



-35 



so that though the inertia of large stationary engines will be high at 
times, the maximum is only about a third the maximum for high- 
speed automobile engines. 
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It must be understood that these figures for weights of parts 
will not necessarily fit any one engine, but are rather approximations 
based on many observations but representing no one case and are 
useful only in forecasting effects in new engines. The weights for 
double-acting and tandem cylinders are subject to more variation 
than for single-acting cylinders. 

41. Example in Plotting Inertia on Piston Base. — The method 
of procedure in the finding of the inertia curve is best illustrated 
by an example: 



W 

Given — 

a 

r 

I 

r 

I 

N 



.6 pounds; 

.5 feet; 
2.5 feet; 
1 

900 R.P.M. 



From the table of piston positions find s for each 15 of crank 

F 
angle and set 5 off opposite in a table. Do the same for — for 

the same crank angle 0. This will give the results following. 



OUTSTROKE. 



t 


s 


F 
a 





s 


F 
a 


o° 





99.14 


i°5° 


.676 


-35-69 


15° 


.020 


94.12 


I20° 


.788 


-4957 


3°° 


.080 


79.78 


135° 


.879 


-58.40 


45° 


.171 


58.40 


150 


•945 


-6326 


6o° 


.288 


33 03 


165 


.986 


-65.61 


75° 


.417 


7.07 


180 


1. 000 


— 66. 10 


9o° 


•550 


-18.56 









Neglect the crank angles and plot - as ordinates and s as abscissae. 

This gives the inertia pressures for the outstroke. The return 
stroke is plotted by reversing the curve, as in Fig. 55. That part 
of the curve above the zero line represents the energy stored in 
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8? 



the reciprocating parts and that below ihe energy delivered on 
retardation. These two areas are equal. 

It must be remembered that the curves as drawn represent forces 
necessary to produce the motion of the piston. When, however, the 
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piston is driven by any means, these forces become resisting and 
assisting forces, giving the diagram, Fig. 56, as the curve of forces 
acting on the piston, to be combined with gas-pressure curves to 
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get the effective driving forces at the piston. The curve, Fig. 56, 
has the same abscissa as Fig. 55, but ordinatcs have their signs 
changed. 

42. Characteristic Inertia Curves.— To facilitate the work of the 
designer, a series of inertia curves are worked out for the usual 
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plotted. 



range of conditions in gas-engine work and the results a 

W 
Whenever the product —Nty is found for a given case, the curve 

can be read off very nearly by comparing with Table X11I here given 

W 
for different values of — N^r. 
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Table XIII. 



^Nh 

Initial iiiei tia pressure, 
lbs. per sq. in 

Terminal inertia pres- 
sure, lba. per sq. in.. 



63 95 127 I S 8 lOO 331 

58 87 116 144 173 *« 

ioooo 53500 40000 63500 90000 133500 

*' 6 S 9370 16680 36050 375°° 5 IOO ° 

.83 6.81 10.63 15.30 30.81 

•-SS 4-54 7°9 »■»> «3-*7 
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Table XIII- (Continual). 



J6» 



Im 



. 303500 is°" l * , > 3°*soo 360000 431500 490000 561506 

84400 104100 1 a 6000 150000 [76000 104100 53450c 

. 3444 43-47 S'-4i 61. jo 71.81 83.31 95.55 

. 91.96 18.31 34.37 40.80 47.87 55.54 63.70 
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Table XIII— {Continued). 

>g- °8 69 70 71 7a 73 74 

- N N .V ,V N N N 

.0 800 850 900 950 1000 1050 1100 

.5 654 694 735 776 8:6 857 898 

5 6 5 6°' 6 3° "7' 7"7 74» 778 

-5 5 06 53 s 5*9 6al e 33 664 696 

. o 46; 490 530 549 578 607 635 

-.V 640000 733500 870000 903500 1000000 1102000 12 10000 

-ATV 366500 301000 337500 376000 416500 459000 504000 

nitial inertia pressure, 

lba.persq.in 108.73 '"8i 137-70 153.41 169.93 187.37 305.63 

Terminal inertia pres- 
sure, lbs. persq. in.. 73.49 81.87 91 -80 103.37 113.19 134.49 137-09 
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43. Effective Driving Forces at Pistcn. — Corrected for Inertia I 
Approximate Method and Involving Division 0} the Rod. — Ti 
force acting on the wrist-pin and transmitted thereby lo the rr 
is measured by the difference between the forces acting on ll 
piston by gas pressure and the inertia force. 

This difference is the effective driving pressure and the diagran 
representing it are effective driving-pressure diagrams. 

Let P,= effective pressure; 

P =gas pressure on piston pounds [>er square inch; 

F . . . , , . , , 

— -inertia in pounds per square inch of piston area; 
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fr.-^-J (69) 

"he inertia resists gas pressure during acceleration of reciprocating 
puts or at beginning of each stroke and assists at ends. The effect - 
^c-prcssure diagram is obtained simply by combining on 1i nates of 
the two curves. Many examples of this combination arc given later, 
in the process of determining crank-effort diagrams. 

. Kinetic Forces and Balance. — Reduction of shaking and 
ig forces on the frame by balancing calls for a determination 
"f (a) forces due to rotating masses; 1 b) forces due to reciprocating 
lasses, 

All kinetic forces and couples not balanced will cause the frame 
to shake where 

(a) they are constant in amount and variable in direction; 
(6) they are variable in amount and constant in direction; 
(c) they are variable both in amount and direction. 
The extent of the shaking forces on the frame is the resultant 
°f all the kinetic forces of the mechanism, and the tendency to rock 
15 the resultant of al! kinetic and turning couples. This shaking 
force is reduced by combining the essential moving parts in different 
•rays, or by adding other masses called balancing masses to reduce 
lite resultant or to change its direction into some less harmful direc- 
tion, or both. For example, in locomotives where it is impossible to 
:i 'iU ihe resultant zero, the balancing masses are so added as to 
teavc the resultant vertical and so not affect the drawbar pull, but 
wing, however, a pound on the rails. In stationary engines the 
same is done, the resultant being made vertical by extra weights, 
to be Liken up by the foundation and holding-down bolls In 
i'>ljilcs the same is true, as the heavy springs can absorb most 
f the vertical resultant forces; or, butter, wherever possible, by 
proper distribution of masses rather than by the use of counter- 
weights the resultant is made zero. 

45. Balance of Kinetic Forces Due to Revolving Parts. — The 
Principal revolving masses needing balance in engines are cranks 
and crank-pins. 

In approximate analysis the connecting-rod is divided and part 
nsidered as being at the crank-pin as already noted. 
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Any crank-pin and part of rod weight can be balanced by adding 
a balance weight, as in Fig. 75, at an appropriate distance. 

Each balance weight of W pounds is placed so that the radius 
R, of rotation for its center of gravity, has the following relation to 
other quantities. 

"/(weight one crank) X (distance of\ ~ 

\ center of gravity from center) / 

+ ^(equivalent part of connecting-rod j 

X crank radius) 

. + J(crank-pin weightXcrank radius). J 



.00034 W-W a fl =.00034^1 



Let 



r -crank radius; 



f ( = radius of center of gravity of crank; 
W eP = weight crank -pin; 
W e - weight crank; 
W, - weight of proper part of rod ; 



WR-W/, + W t j + Wf. (70) 






Fig. 70. Fig. 76. 

Usually R is chosen equal to r for convenience and W found 
and properly distributed. 

The weight W t can be balanced most easily and directly by 
simply extending the crank across the center as in Fig. 76. If 
this is done and if r = R, 

W~W rP +W (71) 

Putting all dimensions in inches and pounds and calling the 
thickness of crank /, the area A BCD necessary for the balance- 
weight, which we will call A', can be found with the assistance of the 
table of weights of metals. 
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Wrought Iron. Steel. Cast Iron. 

Wt. I CU. in —W — .277 .283 .26 

Wt. 1 cu. ft -W m -480.0 489.6 450.0 

VoL in cu. in. per lb. - v - 3.6 3.53 3.84 

W-A'XtXw, 



.: A' - 



(Xtt 



(74) 



This weight must be symmetrically distributed on both sides 
of the extended crank, and so that its center ol gravity is at crank 
radius from the center. 

It is sometimes desirable to balance the crank and pin by a 
mass in the fly-wheel. If in Fig. 77 the mass B be placed on the 




fly-wheel so that Wf ft - W> B , and on the opposite side of the crank, 
then there will exist static balance — that is, the gravitational forces 
of the two masses will balance — but this is of no consequence since 
the centrifugal forces form a couple whose moment is 

Moment of couple =0.00034 W a r*N 2 l 
- 0.00034 W b r b NH 

and therefore there is not kinetic balance. 



P6 



GAS-ENGINE DESIGN 



No single rotating mass can balance another kinetkally except 
when applied in the same plane. Application of balance weights 
n any other planes requires two weights at least, and these may be 
ipplied on planes with the original weight between them, as in 
Fig. 78, where weights are on two fly-wheels, or on planes both 
hi the same side, as in Fig. 79, where weights are added to opposite 




Pig. 78. 




ides of the spoke of the same wheel. Both these methods may 
>vercomc the couple. These masses and their radii can be easily 
ound by the Dalby method. 

46. Balance of Revolving Parts by Masses Placed in Two 
'lanes. — Choose a reference plane in one of the weights to be 
ipplied (Fig. 80), for example, plane of revolution for B, thus elimi- 
lating one moment from the equation for zero resultant moments. 
The vector sum of the forces and couple moments must separately 
K zero. 

For no couple about o, the sum of the moments —o, hence 



Vector sum {WjJ. + W t rJ t ).ooofrN s - 



1 73) 



The couple whose moment is n.ooo$4N-W .rj„ tends to produce 
otation about an axis through o, and in the direction of the arrow 
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on the arc through A . The couple whose moment is o.ooo^4N 2 W/J e 
should tend to produce rotation about the same axis xx* 9 but in the 





Fig. 80. 

opposite direction. Moments of couples may be designated by a 
line called the axis AB (Fig. 81) and which is in length proportional 
to the moment and drawn on that side of the plane of rotation so 
as to make the motion when looking toward the plane seem counter- 
clockwise. Such axes may be combined for resultant moments 
just as are forces. 

In the case just discussed, the two axes would be in the reference 
plane and at right angles to the 
radii of the masses, but be oppo- 
site in direction. For balance the 
two axes must be equal in length. 
This is the statement of equation 
(/3) that the vector sum of the 
couple moments should equal 
zero, or 

WjrJ m 



M*IV 



w /e 



I 




McQ 



Fig. 82. 



Fixing on some convenient radius 

r c usually just inside the fly-wheel 

rim, W e can be found in pounds. 

There is now no moment about O, but there are the reactions 
a * equal and opposite to the respective centrifugal forces of WA 
and WC to be balanced by a force WB. 

Vector sum ( W a r« + W b r b + W c r c ) N* = O. 

Hence in Fig. 82 closure gives W b direct, and the magnitude can 
be found from the equation of the scalar sum. 
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47. Example. — Suppose a crank and pin with part of connect- 
ing-rod to weigh 50 lbs. and two fly-wheels at planes equidistant 
and each 10" from crank-pin center; center of gravity of crank to 
have a radius of 5" and radii of centers of gravity of masses to be 
applied, 20"; 
then 



W a 


= 50 lbs.; 


w b 


9 


w e 


J 


la 


= 10"; 


K 


= 20"; 


h 


•= 0; 


r. 


5 > 


'b 


-20"; 


r. 


= 20". 



tt rxr WafJm 50X5XIO 25 . 

Hence W 9 — f ^ ------ --j-6.2 5 pounds; 

Wf h -Wjr.-W/ € \ 

(50X5) -(6.25X20) 125 

W h = = — -6.25 pounds. 

* 20 20 J r 

Finding balance weights when the fly-wheels are unequally dis- 
tant, as they usually are in practice, to make room for the half-speed 
gear and driving-pulley for the following conditions, gives unequal 
weights: 

W a = $o l a = 10 r a = 5 

W b = l b=° r* = 2o 

W c = l c = 24 r c = io 

From which W c = 10.42 lbs. and ^ = 7.43 lbs. 

This general method of using two planes of application for the 
valance weights of revolving masses and determining the location 
ind mass of these weights by taking a reference plane and one 
valance weight and 

making vector sum of centrifugal forces «o, 

" " " couples -o, 

is developed by Professor Dalby, is always available, but is not so 
iirect as the method of individual weights for each crank. It becomes 
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isiblc in a four-crank engine to select the two planes of applica- 
s those for the two outer cranks, and when weights and dis- 
tance* an? very unequal, as they are in multiple cylinder marine 
I, ihe system can be balanced in itself by properly adjusting 
the weights of the two outer cranks and determining the props 
angles between the cranks. The great value of the method is not 
in its application to revolving weights purely, but in the balancing 
of reciprocating inertia forces of the first period. The unbalanced 
force in a system of revolving masses is the vector sum of the forces 
acting or is the closure of the centrifugal -force polygon. The 
unbalanced centrifugal couple is the vector sum of the centrifugal 
couples or is the closure of the polygon of couple axes. 

47. Balance of Kinetic Forces from Reciprocating Parts with 
Approximate Formula and Divided Rod by Revolving Parts. — If 
the reciprocating parts be imagined acting horizontally at the crank- 
pin, which of course they do by the rigid-rod transmission, and if a 
revolving mass be placed on the crank opposite, a partial balance 




Fig. 83. 



Trill exist. For the horizontal component of centrifugal force 
Hi)) Mi may be made equal at any point' to the first-period hori- 
KBtal inertia forces of the reciprocating forces DC. 
Bat two facts in this connection must be noted: 
i°. There is still an unbalanced vertical component of the 
revolving balance- weight. 

°. If the horizontal components balance at some angles they 
will not at others, as can be easily shown. 

It was found that for approximate analysis the inertia force was 
given by 

F -0,00034 WN*r (cos d + a\ cos a 8). 



* (Fig. 
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GAS-ENGINE DESIGN. 



Calling w the rotating balance weight, then its horizontal com- 
ponent at radius p is 

o.ooo34wN 2 p cos 0. 

If these two horizontal forces are to be equal 

Wr(cos +a cos 20) =wp cos 0; 
W r (cos0 + a cos 20) 



.*. w 



p cos 



The changes in w for the different angles is shown by the table. 



e 


w 


o° 


Wr yl 

— X(i+a) 

P 


45° 


p 




Wr^-a 


9o° 


— X — 

P o 


135° 


p 


i8o° 


— ~X(i — cj) 







The fact that at 90 there is no horizontal component of the 
centrifugal force makes the quotient =00 or indeterminate. 

It is plain that no revolving weight placed counter to the crank- 
pin can ever balance the reciprocating parts whose inertia is given 
by this formula. 

When more exactly given the inertia-force formula is a Fourier 
series, and given by 

F 

- 4 = f (cos \ ( J cos 2 
A 

- c" cos 3 

- d" cos 4 0-1 etc.). 

For the approximation us«»d throughout this work terms above cos 
2 are dropped, but if retained, as they should be for exact work, 
the equation above will show how very far from perfect balance is 
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a rotating part when opposed to a reciprocating part on a finite 
connecting-rod. Dropping all but first-period terms and so neglect- 
ing all but first-period forces, it will appear that 

Wr 



and this shows that forces of the lirst period may be balanced by 
revolving parts, but none of higher period. Sometimes this is suf- 
ficient, but often it is not, and when not, other devices must be used. 

48. Balancing Reciprocating Parts by Similar Parts.— A perfect 
balance can be secured by introducing masses with inertia forces 
of second, third, fourth, etc., period or by 
directly opposing exactly similarly moving 
parts. John Macalpine, who devised a recipro- 
cating system shown in Fig. 84, has stated the 
means for securing the required periodic forces: 

i°- The use of revolving weights driven at 
the required speeds by gear-wheels. 

2°. Bob weights in which the raliu of length 
°* connecting-rod lo stroke of the weight is 
properly determined. 

3°. Weights made to move in the required 
m anncrby other linkages than the .simple rod 
a ltl rrank or eccentric. 

4°. Weights to which the required move- 
ment is given by cams. 

None of these systems has ever been used 
*kh »:ts -engines, but it is by no means sure 
that they may not. 

They are desirable or necessary only when the service rigidly 
fixes the arrangement of cylinders, as the screw -propeller drive on 
lips limits the arrangement to numerous parallel cylinders at various 
ank angles. 

With gas-engines, as used up to the present, a much greater 
li-tiiity of arrangement of ordinary parts has been practiced to 
:urc balance, no bob weights or variable piston weights on odd 
nk angles being used. 




Fig. 84. 



A reciprocating mass can be balanced only by another recipro- 



* 
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eating mass so placed as to leave no free couples and no free 
forces. 

4g. Two Pistons on Opposed Cranks. — Consider a pair of cylin- 
ders (Fig. 85) on cranks opposed and side by side. The inertia 
curve of A for the outstroke is given in 
Fig. 86, and represents the equation 

F W 

j-o.00034-j-.WV (cos 0+a cos 2 0). At 

the same time the piston B is on its re- 
turn, giving the curve B, Fig. 86. The 
algebraic sum of these ordinates is not 
zero; that is, the inertia forces are not 
equal nor are they opposite. If they 
acted on one line there would be no 
couple; however, their lines of action are 
separated by a distance equal to the 
distance between their cylinder centers. This will form a couple 
which has the arm d and whose force is given by the difference 
between the inertia curves. 




Fig. 85. 



Fi«. SO 



This moment is a maximum every time a piston starts toward the 
crank ; that is, twice per revolution. As it is zero at some inter- 
mediate point, the effect will be a shaking of the frame as well as a 
rocking. The closer these two cylinders center lines, the less the 
couple and the less the rocking. Thus in Fig. 87, by placing the 
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«.-> linders on opposite sides of the crank-shaft, the arm of the couple, 
instead of being about ij cylinder diametersj as il often is in small 
engines to account for the jacket and walls, has become the distance 
between connecting-rod ends which is equal to the length of a single 
crank-pin. By forking one rod, as in Fig. 88, the inertia forces 





Fife. 87. 



Fist. 88. 



directly opposed and the arm zero and the couple eliminated, 
ugh the resultant forces are not zero. 
50. Other Arrangements for Two Pistons. - By using two cylin- 
ers whose cranks are not opposed, balance will not result. Take 
or example a go° crank angle. Then (Fig. 89) the inertia curve of 
.4 will be combined with the inertia curve of B displaced by the 
distance /, or the path of the piston for a oo° crank movement, 
leaving forces acting whose amount would be the algebraic sum of 
the two inertia curves, Fig. 90, and no couple if the cranks were 
forked as in Fig. 91, but which in case of Fig. 89 leave an unbal- 
anced couple as well. The difference between these cases is not 
simply the pressure or absence of the couple, as the resultant free 
sreesare not zero. 

Two pistons, as in Fig. 92, with three equal cranks give nearly 
forces and no couple. The differences which exist arise 
1 the different rod lengths, even when masses are equal. The 
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inertia formula, it will be remembered, involves the rod to crank 
ratio. Making fli, the same in both reduces the case to that 



flfl 



°^ Fig. 85. However there is still a disturbing force whose amount 
is the difference between the inertia curves. In combining, the 




incenter of one must be combined with the oulcenter of the other, as 



The fact that there is a difference at all is due to the fact that 
the angles of the two rods arc not equal for any given crank angle 
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and therefore pistons have not equal acceleration for some crank 

angles. 
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51. Three-crank Balance. — Three equal cranks when set opposed 
so that the central crank opposes the two outer ones, and where 
the reciprocating masses of the center equals twice that at either 
side, is an arrangement that gives no couple, but leaves unbalanced 
forces, as in the case of Fig. 92, equal to the combined inertia 
diagram. 

When three cylinders are arranged with axes at 120 and all 
in same plane with forked connecting- rods, there is the same mass 
acting at the same radius and same speed at three equal angles. 

Call these angles of the crank with respect to each cylinder 
axis 6,6+1 20 , 6 + 240° These three inertia forces are then added. 

W„„_r COS0+COS (l2O°+0)+COS (24O°+0) "I 

+ (COS 2 + COS 2 (l2O + 0)+COS 2 (24O° + 0)_T 

But 

aO=OC+Ob. 

In Fig. 94 it appears that 

COS 0+COS (l2O° + 0) + 

cos (240+0) -O, 
and similarly 

COS 2 <? + COS 2 (I2O + 0) + 

cos 2 (240+0) -O; 
Hence for this case there is perfect 
g ' M ' balance of the purely reciprocating 

parts, since no free forces and no couples exist. 
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By placing the three cylinders in line with three cranks, at 120 
there is introduced a couple, with the same three forces, however, 
balanced otherwise in themselves. 

5j. Four or More Crank Balance. — Four cylinders when arranged 
as shown in Fig. 95 will give no couple, as the couple arising from 
cylinders A and B is balanced by thai of C and D, acting to turn 
the frame in the opposite direction. But there are free forces equal 



Fig. B5. 

to twice the combined inertia diagrams of A and B. In Fig. 96 
the curve aa is the inertia diagram of A on outstroke, bb that of B 
on instroke, xx the combined diagram, and yy the same with double 
ordinates. The forces themselves can be eliminated with the couple 
by radial cylinders on one crank if all work in one plane. 

More than four cylinders makes balancing of reciprocating parts 
easier. Five cylinders and equal cranks with a double mass in the 
center will do. and six cylinders doubling three is also free of forces 
and couples from purely reciprocating parts, as the couple of that 
case meets another similar and opposed. 

53. Special Arrangements for Balance. — Various odd methods 
of connection have been used for balance, but usually with more 
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bad points than good ones. Of this class is the double-gear crank 
discs, Fig. 97. In this it is readily seen that by revolving counter- 
weights the first-period inertia forces can be separately balanced, 




while the usually unbalanced components perpendicular to cylinder 
axis are balanced one by the other at their respective bearings by 
the reversed rotational direction. 

Opposition of the pistons, but still dependent on gears, is done 
as shown in Fig. 98. Oppositely moving pistons with exactly equal 
rods, cranks, and angles and all in the same plane, hence producing 
no rotating couple, is secured by the device of Fig. 99 — large driving 
shaft. Equal acceleration is secured by a number of links, all having 
<weight, and two cranks necessarily out of line, so that a slight couple 
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will exist. Each additional moving part calls for more service 

from the crank, since each has some 

inertia. 

Another and much more common 
method of securing the oppositely mov- 
ing pistons is shown in Fig. 92. Here 
unequal rod angles mean unequal pis- 
ton acceleration and hence only partial 
balance. The introduction of side 
cross-heads to give equal rods would, 
if weights were kept equal, produce 
fair balance. 

54. Shaking, Rocking, and Vibration of Frames. — From what pre- 
cedes it will appear that the kinetic forces of the mechanism which* 
may be balanced wholly, partly, or not at all are of the following 
classes: 

i°. Forces due to the inertia of the reciprocating parts in the 




Fig. i;: 



^ 




— e= 




Fig. 98. 

Erection of the cylinder, which may be balanced by other similar 

■ 

reciprocating parts properly placed, but in no other way. 

2 . Centrifugal forces due to cranks, crank-pins, and other truly 
rotating parts and which are easily balanced completely. 

3°. Centrifugal forces due to the connecting-rod which may be 
balanced only by a similar and oppositely moving piece. 

4°. Centrifugal forces due to counterpoises for reciprocating 
parts which always have free forces. 

5°. Couples due to combination of the preceding forces acting 
along different lines. 



no 
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6°. Couples due to the inertia of the fly-wheel and other rotating 
parts. 

7°. Vibrations due to yielding of frame at slides and yielding 
of supports. 

Shaking will result from forces which arc: 

i°. Variable in amount but constant in direction, such as result 
from the reciprocation of the piston, etc. 

2°. Constant in amount but variable in direction, such as the 
centrifugal force of a revolving mass. 

3°. Variable in amount and direction, such as result from true 
connecting-rods. 

A single force such as results from a pure reciprocation tends 
to lift and drop the bed when the engine is vertical, and the period 




Fig. 99. 

of the force will be the period of the shaking that will result. As 
the true inertia for a finite rod is given by a Fournier series, the 
lifting will be a force of many periods; or, better, there will be many 
such lifting and dropping forces occurring at time intervals: 

a — equal to that of the engine revolution ; 
b— " ll one-half the engine revolution; 
c— " tl one-third the engine revolution, etc. 



Should any part of the frame be flexible it might have a natural 
period of vibration, just as has a bar, a string, or a spring. Just what 
is the natural period of vibration of the frame it is impossible to 
calculate, but by remembering that the first-period forces from 
the reciprocation are greatest, and that the stifler the frame, and 
therefore the shorter its period, it appears that for stiff frames syn- 
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chronism between the inertia forces and frame periods will occur 
only with the higher period and so with the smaller inertia forces. 

> for this reason that irregular, stiff frames arc preferable to sim- 
ple flexible ones, and frames arc designed for stiffness and short 
period of vibration rather than merely for strength. 

When a shaking force acts on a pan of a frame held by a bolt 

one point, there is at the bolt an equal opposite force, and the 
two forces acting at a distance tend to lum the frame. Thus a 
rocking or tilting couple results. Two active forces in the frame 
itself, regardless of the holding-down counter forces, may produce 
these tilting or rocking couples. 

The above cases exist when there arc unbalanced forces, but 
should all the kinelic forces be balanced, there would still be a 
rocking couple equal to the turning moment at the shaft. As the 
shaft is driven in one direction the engine frame is driven in the 
opposite direction ; that is, the frame tends lo turn about the shaft. 
If this turning moment be perfectly uniform, there will be no tend- 
ency on the part of the frame to rock, but if the couple be very 
irregular, such as results, as will be seen later, in a single -cylinder 
four-cycle gas-engine, the frame will be driven backward with a 
variable force whose moment equals the turning moment, and will 
C8US« a rocking effect, and with a springy support, vibrations of ihc 
whole system. 

The periodic changes of turning moments compared with the 
natural period of the frame and supports will determine just how 
serious will be this kind of vibration, for it is only when in syn- 
chronism that these periods result seriously. The periodic change 
of turning moment will be examined later for various conditions 
in gas-engines. 

55. Shaking Forces and Crank-ajigles. — The kinetic forces that 
produce these shaking, rocking effects and resultant vibrations are 
best examined by dividing them into two systems, one axial or 
parallel lo the cylinder axis, and the other perpendicular to this. 

I These two systems will be called the axial and the transverse. 
Inertia forces of reciprocating parts are always axial. Cen- 
trifugal forces are to be divided inlo axial and transverse com- 
ponents; thus cranks, part of connecting-rods, crank-arms, and 
balance weights will give two components. 
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Centrifugal force = 0.00034 WNfy. 

Axial component = 0.00034 W N *r cos 0; 

Transverse component— 0.00034 WN*r sin 0. 

Plotting these forces from two axes at righf angles to each other 
id vertical forces upward or downward through each point or 
■ank-angle will give a curve. In Fig. 100 lay off equal crank- 




lgles giving points abcde}, etc., for o°, 30 , etc., of crank from 
te axis of cylinder CD. 

Then at O lay off Oa and Og equal to 0.00034^/ N 2 r. 

Verticals bb', ccf will then represent 

W «= 0.00034W N 2 r cos 30 , 

cd = 0.00034 JFiV 2 r cos 6o°, etc.; 

) that the circle represents the curve of centrifugal forces. Axial 
>mponents at any angle will be the distance from the point to 
te base A B, while transverse components are given by perpen- 
iculars to the base CD. 

This curve can also be laid off from a base line divided into 
jual parts, each part representing an equal angle. This will give 
vo curves, one a sine curve and the other a cosine curve, of equal 
aiplitude. 

In Fig. 101 divide the base AB into twelve equal parts, each 
^presenting 30°*. Lay off aa! equal to 0.000341!/^^, corresponding 
> cos o°; also ggf, corresponding to cos 180 ; also mm', corre- 
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mding to cos 360 . Then complete the cosine curve passing 
Through d at 90 and j at 270 . This curve will represent axial 
force due to the revolving mass at each crank-angle. Similarly 
draw for the same angles the sine curve, which is the same as the 
ibove displaced oo° and having same amplitude. InFig. 101 thedot- 
line will then represent transverse forces due to revolving mass. 

































/ 










V 
















i 




\ 
















1 


\ 




>J 


















"-7 




•^ 


— 



Fig. 101. 

i. First- and Second-period Reciprocating Inertia Force and 

Crank-angles. — In a similar way the axial force, displacing the 
frame, due to the reciprocating mass, can be laid down. The force 
given by a Fourier series of several successively smaller periods, 
but in the approximate analysis only the first and second have 
been retained, and this leaves 



*rin 



F = 0.00034 H'JVV (cos 0+ai cos 20), 



r 



This can also be plotted directly from the circle, as in Fig. 102, 
by dividing the work into two parts. The first part, involving the 
first-period force only, is precisely the same as for revolving masses. 
Hence on a cire'e whose radius is 0.00034 U 7 A" -V the absciss r Oa, 
M, cV, etc., represent the inertia forces of the first period. To 

get the second-period forces add to each abscissa a fraction 7 of 

>he abscissa of twice the angle. 

Thus to W for 30° add jXe<?=b&'. 

When this addition is done algebraically the curve results. 
Using a straight-line base with equal spacing for equal angles 
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nakes the effect of the second-period force clearer. In Fig. 103, 
ib=*bc = cd, each of which represents 30 and oaf represents 




Fig. 102. 

y.ooo^WNZr, the rest of the curve being the cosine curve (i'Vc* * 
5tc, of this amplitude. 
When 

0=o° 0=go° = i8o° 0-270° 0=360° 

2 0=o° 2 = i8o° 20=360° 2 = 540° 2 = 720° 
dos 2 = ± 1 ; hence at d lay off dd" downward and equal to 

j-X 0.00034 WNfy. 
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Pig. 108. 

This gives the amplitude of the second -period cosine curve a?'V'<f\ 
etc. Combining these ordinates, there results the total curve 
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"i/"c"'d'" 1 etc., giving the axial components of the inertia forces. 
The ordinal es aa'", bb'" , etc., of this curve are the same as those 
of the inertia diagram drawn to the piston-path base. Thus in Fig. 
104, representing the usual inertia curve a'g 1 , is the piston path a'b' ; 
cV', etc., are the piston position corresponding to the crank position 
of abed, etc., of Fig. 103, while the ordinales a, a"' are precisely 
the same as in Figs. 103 and 102. 

The effectiveness of the balance for ihe reciprocation inertia 
forces by the use of a revolving counterbalance is shown by com- 
bining the diagrams on an equal angle base for the two cases. 
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Fig. 104. 

Thus for the axial components when there is no balance weight 
iherc will be two first-period cosine curves added to a second-period 
*mrve. One first-period cosine curve shows the axial components 
of the centrifugal force, while the other first -period and one second- 
period curve show the reciprocating effect. 

The addition of a counterbalance weight introduces a iirst-period 
cosine curve of amplitude according to its mass and with a phase 
difference of 180° 

Should the amplitude of the cosine curve for the counterbalance 
; equal to the sum of the other two first-period curves, or, in short, 
should the mass of this counterbalance equal the mass of the recipro- 
cating and revolving masses, then the unbalanced axial force is 
simply that of the second period. 

This, however, greatly increases the transverse components, as 
has already been pointed out; but then the form is a sine curve. 




1 6 GAS-ENGINE DESIGN. 

hus for masses selected as above the axial unbalanced force is a 

t 
cond-period cosine curve of amplitude j X that of the transverse 

ibalanced force of first-period and amplitude, o.ooo34WiV 2 r. 

When several cylinders with various reciprocating and revolving 
irts are combined, then the unbalanced forces are given by the 
gebraic sum of the individual curve ordinates, but each must 
j first set out according to phase of cranks or counterbalances, as 
e case may be. By this means not only may the extent of the 
taking forces be found, but the nature of their variation through- 
it one or several strokes and their periods. 

The knowledge of the period of fluctuation is important in con- 
ation with possible synchronism with some of the framed supports, 
pecially in boats, automobiles, and in buildings, particularly large, 
11 steel structures. 

The tendency to rock or tilt depends, as has been noted, not on 
rces alone, but on the arm of the couples set up as well. These 
ms in an engine are all constant and it is only the forces 
hich vary. The nature and extent of the variation can be found 
» shown. The couple curve might be drawn if it is desired; its 
rm will be the same as that of the unbalanced force. Its amplitude 
r a system of numerous couples is to be found by the maximum 
osure of the couple polygon, all forces having arms with reference 
• an imaginary reference plane. 

All the preceding work presupposes the connecting-rod to give 

Fects the same as would result from two separate masses, one at 

lc crank-pin revolving and the other reciprocating with the piston. 

real rod is continuous, and its effects arc different than those which 

suit from the divided rod. 

57. Effect of Correctly Treating the Connecting-rod as a Contin- 
[>us Mass Rather than a Divided Mass. — Mr. John Macalpine has 
ven a very clear statement of this in a paper in " Engineering,' ' 
ct. 22, 1897. He says: 

" The true movement of the rod makes it necessary to investigate 
>ur problems. 

"A. The inertia forces parallel to the axis of the cylinder. 

"B. The inertia forces at right angles to the axis of the cylinder. 

"C. The couple acting on the rod to produce its angular motion. 
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"D. The turning moment at the crank due to the inertia of the 
connecting-rod." 

Investigating these effects the following conclusions are pre- 
sented. 

A. This force "A" can be expressed in a Fournier series of peri- 
ods similar to that found for the reciprocating parts. For the first 
period the force A is not affected by the angularity of the rod, but 
there are terms of higher period which are not large or serious in 
general. The expression is 



A - (0.00034^^^/ cqs + (1 - k) 



cos 2 0(a + \a 3 + \ifia 5 + 
— cos 4 0( \a?+ ! 3 ff a 5 + 
-fcos 6 0( + 1 | R a 5 + 



where 



d_ distance from wrist-pin to rod center of gravity 
/ length of rod 



B. This force at right angles to the cylinder is the same as if the 
mass of the rod were divided and a part concentrated at the crank- 
pin, inversely proportional to the distance of the center of gravity 
from the ends, and is given by 

B = - (0.00034 WN 2 r) K sin 0. 

C. The value of the couple is, if /= moment of inertia of rod 
about its center of gravity, 



C — — o.ooo34iV 2 / 



sin 0(a + Ja 3 + ,V a 5 + ctc. v 
+ sin 3 0( + |a 3 + 1 y J ,fl 5 + ctc. 

-sin s 0( + 1 V B a* + ctc> 



D. The turning moment due to the rod of weight ir is 



D -o.ooo34TVJV 2 f 2 (i -k) 



sin 0(\a-\- I 1 JT a 3 -fetc. 
-sin 2 Ox\{i+K) 
— sin 3 0(\a-\-^a z + etc. 
-sin4 0(Xia 2 (i=iO 
+ sin 5 0( 3 V* 3 + etc. 



a 2 Iw 2 

+ 

sin 2 

-fete, 



which, when JC— o and J=o, reduces to the expression for mass 
at crosshead. The magnitude of these effects — that is, the mag- 
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nitude of the variation introduced by the correct effects compared 
with approximations resulting from dividing the rod — are of no 
consequence so far as turning effort is concerned, but may be 
in special cases where fine balancing is required. No accurate 
calculation of free forces tending to shake rock or vibrate the bed 
can be made without considering these exact conditions, but in 
most gas-engines up to the present time, balance, where secured, 
has been attained by arrangement of counter parts as explained, 
without knowing just what was the rod effect. Should future work 
demand such analysis, designers may refer to the work on the sup- 
ject by Professors Klein, Dunkerly, and Dalby, Messrs. Macal- 
pine, Macfarlane, Grey, Admiral Melville, and others, the best of 
which have appeared in the proceedings of the societies of naval 
engineers. 

58. Turning Effort Corrected for Inertia (Approximately) and 
Divided Rod. — The force acting on the wrist-pin is transmitted to 
the crank through the oblique connecting-rod. The tangential 
component of this transmitted force, or so much as is transmitted, 
is the turning force and the diagram of turning forces showing the 
changes in the tangential forces is the crank-effort diagram. When 




Fig. 105. 

multiplied by the crank radius it gives the turning moment. The 
area of the crank-effort diagram on the developed crank circle as a 
base gives the work done per cycle and should equal in area the 
indicator card. Its mean ordinate is the mean turning effort or, 
as more generally called, the mean resistance. The tangential turn- 
ing force is found either algebraically or graphically. Graphically 
the effective pressure P, Fig. 105, is laid off on AB and resolved 
by parallelogram into components BD against the slide and DA 
along the rod. UA f =DA at crank is similarly resolved into normal 
component UF y exciting a force through the crank on main bearing 
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id tfE, the tangential force. The turning effort, or tangential 
force, can be found in terms of the effective pressures for all crank- 
angles and can then be most easily plotted directly in connection with 

e tables given for inertia and piston positions. Such a table 

epared by Klein is here given. 
59. Rotative Effect at Crank of Unit Horizontal Pressure it 

rist-pin. — To find tangential force multiply tabular quantity by 

ective pressure at wrist-pin. 



.7781 
.6061 

■413* 



.786,, 
■ 6155 

■4=°9 



7931 

<..'■■;.' 
4176 



These are obtained from the relations 

/-tangential force at crank-pin, 
, _ sin(fl+4.)_ 



COS # - Vl 



2 sin 2 0. 



The graphic method is not so often used as the method involving 
the use of tables because the latter is quicker and more accurate. 
The method by tables may be followed in two ways, the first 
involving a determination of all pressures for equal crank-angles 
and the second the same for equal divisions of piston path. 

60. First Method of Equal Crank -angles. — Prepare a table with 
the following data, starting with crank- angles. 

i°. Find corresponding piston position for column 2 by the 
table. 

2 . Find inertia factor which is the value of (cos<? + Ui cos 2 0) 
from the table and insert for column 3. 
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3°. Multiply the inertia factor by the engine constant, 
0.00034 W/a WV and place the products in column 4. 

4 . Draw on the indicator card vertical lines corresponding to 
the crank-angles as given for piston position in column 2 and 
measure the gas pressure by a scale for every piston position during 
four strokes. ' This will give columns 5, 6, 7, and 8. 

5 . Compare inertia forces and gas forces and observe whether 
driving or resisting, this will give net forces at the piston for columns 
9, 10, it, and 12, 

6°. Find the tangential force in terms of piston force for each 
crank-angle for column 13, the tangential factor. 

7 . Multiply the piston force, net, by the tangential factor and 
insert in columns 14, 15, 16, and 17. 
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The results in the last four columns should be plotted as ordinates 
to the first column, as abscissa: repealed four times, equal spaces 
indicating equal angles and the whole base line being twice the 
circumference of a circle whose diameter is the stroke. 

61. Second Method of Equally Divided Piston Travel. — Having 
drawn the inertia diagram and indicator card to the same scale, 
Fig. 106, and on cross-section paper, divided into tenths so that 
fractions of the stroke as low as o.o2r can be read off, measure 
ordinates for each piston position and by scale or graphically com- 
bine them. For a four-cycle engine it is helpful for clearness to lay 
down on a four-stroke base the gas-pressure diagram of Fig. 107, 
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beginning with expansion and taking the phases in the following 
order — exhaust, suction, compression. Combining with the inertia 
diagram gives the effective or net pressure curve at the piston (Fig. 
108). Placing these results in a table and using the tangential factor 
will give the tangential force for each piston position. This latter, 
by the table, can be transformed to the tangential force for proper 
angles corresponding to piston position. For this case with a card 
on natural gas and maximum initial inertia of 71 lbs. per square 
inch the table found follows. 

EXPANSION STROKE. 



Fraction of 
Piston 
Travel. 


(ias 


Inertia 


Net 


Tangential 


1 
Tangential | Crank 


Pressure. 


Pressure. 


Pressure. 


Factor. 


Force. Angle. 


.OO 


99 


-71 


28 





• • • 







.02 


256 


-68 


188 


.2220 


• • • 




14.70 


.04 


259 


-64 


195 


•4277 


• • • 




21.14 


.06 


25 1 


-61 


I QO 


•5*7° 


• • • 




26.00 


.10 


207 


-55 


152 


6185 


• • • 




3380 


.20 


141 


-38 


I03 


.8544 


• • • 




40.08 


•3° 


IOI 


-23 


78 


9654 


• • • 




61 SQ 


.40 




- 8 


67 


I.0075 


• • • 




73 •» 


.50 


59 


6 


65 


I .0146 


• • • 




84.40 


.60 


48 


18 


66 


.9628 


• • • 




97 75 


.70 


40 


29 


69 


.8000 


• • • 




108.00 


.So 


3* 


38 


74 


.7666 


• • • 




121.82 


.90 


M 


44 


77 


•5533 


• • • 




130-22 


.98 


32 


1 46 


78 


.2501 


• • • 




102.00 


1 .00 


1 25 

1 


1 47 


72 





• • • 


180 00 

1 



These turning forces or tangential pressures may be plotted 

above a base line equal in length to that used for the piston-pressure 

2 . 

diagrams, in which case the scale is - (horizontally) times the scale 

of the former, since the length, to have the scales equal, should be 

- times length of piston-pressure diagram. This gives for this case 

Fig. 109. As the mean effective pressure for the indicator card is 
for one stroke, the mean driving force for four strokes, or two revolu- 

P »• 

tions, is - . Calling mean turning force F since the same wor 

4 
must be done at crank-pin as at piston, 



- X4/. = / 7 'X2t:L, 

4 
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i ? / = ^ (74) 

nean turning force is indicated on the turning-effort diagram 
. 109. 

Data from Turning-effort Diagram. — Having found the 
g-effort diagram, data that are exceedingly useful to the de- 
can be read off by inspection. The most important facts to 
is learned are: 

Relation between maximum turning force and mean turning 
to assist in finding maximum turning force when for a new 

only the mean is given. This is available at once in crank- 
icsign. 

The maximum energy JE delivered by the engine over the 
R of the cycle for any given case. In Fig. 109 this is the ratio 
ded area to the long narrow mean area. This is a measure 

ily-whecl weight necessary to limit angular velocity variations 
; the cycle. 

The number of times the turning force changes direction; 
, the number of times the real curve crosses the mean. This 
icasure of the period of the rocking force of the frame as a 
about the crank-shaft. It is also the number of knocks that 

be heard on a loose pin. 

is necessarv to know f how these three results and other related 
'ill vary with conditions, and for this purpose a great number 
ling-effort diagrams have been drawn, some of which will be 
ted. The conditions which might affect turning effort are: 

Kind of gas. 

Method of working (two-cycle or four). 

Combination of cylinders, phases, and crank-angles. 

Inertia very low or very high. 

Speed. 

Load. 

Mixture. 

Ignition and throttle. 

Size of engine. 

Change of Turning Effort with Conditions. — The case given 
lmUs a medium power engine on natural gas and with aver- 
crtia giving for a single-cylinder four-cycle engine: 



FORCES DUE TO GAS PRESSURE AND INERTIA. «5 

P =64.48 lbs. per sq. in., 

F t = io.26 " " " " 

Maximum turning forc e 

Mean turning force 9 ^ 

AE 
- e --i. 3 i. 

The line crosses the mean approximately at ever)' dead-center, 
and for the idle strokes also about mid-stroke. A little greater 
inertia would also have caused a reversal toward the ejid of the 
compression stroke. A change of load would have done the same 
if compression were lowered thereby. A smaller engine on car- 
bureted water-gas having a lower inertia, 22 lbs. initial, gave the 
results of Fig. no, in which (a) is the indicator card, (b) the inertia 
diagram, (c) the net driving-pressure curve at the piston. The 
turning-effort curve, Fig. in, shows, because of the lower inertia,, 
fewer reversals of effort, which is positive approximately for one 
stroke and negative for three. 

For this case 

^=82.5 lbs. per sq. in. of piston, 

^ = 13.12 " 
Maximum turning force 



<t i 1 i i * i i 1 



'' Mean turning force 
AE 
E 



"7-771 



-= 1. 17 



The last case was for a full-load card on best adjustment. When 
the card becomes flat through bad mixture or ignition, evidently 
the forces vary. A poor-mixture card is shown in Fig. 112, ta) f 
(ty> {c) 9 with inertia as before, and the turning effort is given in 
% 113. 

For this case 

P-43.8, 
Ft- 6.97, 
Maximum turning force 



Mean turning force 
AE 



= 12.12, 
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It is hardly fair and not instructive to compare maximum turn- 
ing force to the new light-load mean, as is here done. It is much 
better to compare with the full-load mean. This gives 

Maxim um turning force (bad mixture) 

Mean turning (force full load) ~~ *^' 

Similarly for the JE the comparison when made with the full- 
load mean E gives 

Poor mixture JE 



Full load E 



0.81. 



The force of this appears when fly-wheels are to be designed. 
[t shows that for this poor- mixture card there will be less angular 
velocity change than for the full-load card. 

Governing by the hit-or-miss method introduces idle strokes in 
vhich the compression curve is approximately repeated on expan- 
;ion, as in Fig. 114, Fig. 115 giving the corresponding turning elTort. 
rhis is practically the no-load case for the engine giving the cards 
Mg. no and Fig. 112. The mean effort is practically zero, and 
hcrcfore when a full-load cycle is followed by one cycle like this, 
he ratios given above are to be doubled. 

A moderately small engine on kerosene with a maximum initial 
nertia of 18 J lbs. gave the results shown in Fig. 116, when* ia) 
s the indicator card, (b) the inertia, and (c) the curve of net piston 
>ressures. Here the inertia forces arc insignificant compared with 
he gas-pressure forces. The turning-effort curve, Fig. 117, as a 
onscquence has but one pair of reversals, the engine being acceler- 
ited one stroke, nearly, and meeting continuous resistance for 
hree. 

P= 9 2.8, 

!?, = 14.78, 
Maximum turning force 

Mean turning force " ' 

JE 
-jg-1.07. 

A producer-gas card and turning-effort curve with a little larger 
nitial inertia, 49 lbs., is shown in Fig. 118. The curve has the 
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characteristic wave for high inertias, though this value is not high 
except when compared with the mean turning force. For this case 

P =48.64, 

F t = 7.68, 

Maximum turning force 

Mean turning force ^ ' 

AE 
-g=i. 4 i. 

64. Speed Effect on Turning Effort. — Speed increase may affect 
^. card by flattening when the rate of propagation in the mixture is 
Constant, at the same time inertia forces increase. Therefore the 
effect on the turning-effort diagram will be double as both curves 
change. This is illustrated in the following two cases. A card from 
Ismail gasoline-engine, Fig. 119, at slow speed with only one pound 
initial inertia, as the engine was very small, gave the turning-effort 
curve shown. This curve gives the data following: 

• 

P-48.8, 

/? — ». »«•• 
' /•/ /> 

Maximum turning force 

Mean turning force ^' 

AE 
^-1.14. 

On increase of speed, so as to increase inertia to an initial value 
of 35 lbs. per square inch by speed increase alone, the turning effort 
of Fig. 120 results. Here the nature of the curve has become quite 
different not only during the working stroke but also during the rest 
of the cycle: 

P - 28.96, 

F t = 4.61, 

Maximum turning force 

Mean turning force *" ' 

Maximum turning force (reduced card) 
Mean turning force (original card) ' 
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JE 

-Mi 

Original £=°" 8 S- 

The last case of speed change involved a combination of increasing 

rlia forces and decreasing gas pressures. When, however, 

umobile engine is carrying a fairly steady load resistance, speed 

iay be varied by throttle and ignition changes, and these effects big 

ihown in the succeeding series of curves, in which the speed has been 

aken proportional to the mean pressure P and the highest value is 

JV =2052. This case is shown in Fig. 121, for which 

F, m I2.02, 

Maximum turning force 

Mean turning force ' '" 



/■: 



1.23. 



Jy decreasing sjieed on this full-load card to 565 there results Fig. 1 

or which P and F, arc the same, but the ratio of maximum to mean 

urning force has fallen to 6.74, proving a most important fact, that 

JE 
[his ratio is dependent on inertia. Also the ratio -=■ lias fallen 

f decrease of inertia only to 1.15 from 1.23 because of the redis- 
iljuiiun of effort. Decreasing the speed by the throttle to the effects 
lown by Fig. 123, and still further by late ignition to Fig. 124, and 

bully by both actions simultaneously to Fig. 125, gives the resultant 

ifFectS tabulated. 

Throttle 



laximum turning force 



Mean turning force 
IS 
E 

itial inertia 

The conclusions arc 1 



41.60 

6.62 

7.17 



Late 

Ignition, 
Fig. ,24. 
4O.OO 

6-37 
I3-50 



69. c 



CloM Throltlr 
ami Late igni- 
tion, Ffe t85 

n.04 



■idem and in line with previous comments, 
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65. Two-cycle Turning Effort. — Two-cycle engines pass through 
their complete series of pressure changes in two strokes, or one 
revolution, therefore their effective or net pressure curves and turn- 
ing-effort diagrams are laid off on base lines only half as long as 
for four-cycle engines. A two-cycle card and its corresponding 
inertia diagram are shown in Fig. 126, (a) and (b); (c) represents 
the piston net pressures and (d) the turning-effort curve. In general, 
the mean turning effort is twice that for a four-cycle card and given 

by F t =-. 



n 



For this curve the characteristics other than the simple single 
reversal of effort on each dead-center are : 

F t =20.22, 
Maximum turning force 



Mean turning force 
JE 



= 4.20, 



E 



= 1.26. 



The fact that the mean tangential force is higher for a two-cycle 
and twice its amount for a four-cycle card has also the effect of 
halving the ratio of maximum to mean. 

When cylinders are double-acting, the turning effort for one 
side must be combined with that for the other side. In making this 
combination there are four ways in which the four phases in two sets 
can be combined as follows, if four-cycle : 



Head end j Compression 
Crank end { Suction 
Head end J Expansion 
Crank end f Suction 
Head end j Exhaust 
Crank end / Suction 
Head end J Suction 
Crank end | Suction 



Expansion 

Compression 

Exhaust 

Compression 

Suction 

Compression 

Compression 

Compression 



Exhaust 

Expansion 

Suction 

Expansion 

Compression 

Expansion 

Expansion 

Expansion 



Suction ) 

Exhaust | (I) 

Compression 

Exhaust 

Expansion 

Exhaust 

Exhaust 

Exhaust 



[(2) 
[(3) 



(4) 



When, however, the cylinders are two-cycle the combination 
of phases is: 



Head end j Compression 
Crank end I Compression 
Head end j Compression 
Crank end { Expansion 



Expansion J . * 
Expansion J 
Expansion \ , v 
Compression ) 
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As the result of combining by method <0 is simply to double 
rdinates, and not to nullify positive by negative force, the latter 
method (2) is preferable. 

The two-cycle engines are often, in fact generally, fed from 
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separate compressors which may have separate cranks 
rocating parts. In cases like this the resisting-elTort cur 
air-pumps must be combined, observing the appropriat 
lead, with the turn ing-u tin rt ilia^ram of the power cyli 
this way Fig. 127 was drawn for a irw-diurn-powcrcd, dou 


nd rerip- 

ve for the 
e angular 
iders. In 
)le -acting, 
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single-cylinder, two-cycle engine. Fig. 127 (a) is the power indicat 
card, (b) the inertia diagram for the weights and speed, (c) t 
turning effort for motor cylinder, pump cylinder, and net turni 
effort for one cylinder, (d) the turning effort for two cylinders wi 
proper phase difference of 90 , the crank-angle between these t 
double-acting cylinders. These two diagrams give the followi 
•data: 

Two-cycle Double-acting. 
One Cylinder. Two Cylinders. 

p 78. s 78. s 

F t 25.0 50.0 

Maximum turning force 

Mean turning force 4 ^ 

-£ 38 .17 

66. Phase Relations and Inertia on Turning Effort. — The 

two most important influences to be studied are the combination 
of phases and their effect on the above and the influence of 
inertia on the same result. For this purpose Fig. 128 (a), (6), 
(c), (d), etc., is presented in connection with Fig. 129 (a), (6), (c), 
((/), etc. Both sets are based on the same indicator card, (a) from 
an engine using producer-gas, but in each case the inertia (b) is 
different; in Fig. 128 it is unusually low, 26 lbs. initial, and in Fig. 129 
unusally high, 208 lbs. initial. In both figures the letters have the 
following significance: 

a = indicator card; 

6 = inertia diagram; 

c =turning effort, one-cylinder; 

720 
d- " " two- " phases - — -360 ; 

720° 

e= " " three-" " L ^40°; 

/- " " four- " " ^--180°; 

' 4 



FORCES DUE TO GAS PRESSURE AND INERTIA. 143 




^y^U^^^^U 






* 





•* 





$ 







144 



GAS-ENGINE DESIGN. 




?t 




FORCES DUE TO GAS PRESSURE AND INERTIA. 



J 45 










GAS-ENGINE DESIGN 
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" five* " " 


720 C 


A- " 


" six- " " 


720 C 

6 


i= " 


" eight- " " 


720^ 



- 90 . 



The data from these diagrams other than reversals which c 
be read oil at a glance are tabulated below. 



NUMBER OF CYLINDERS 



Extremely significant is the manner in which these ratios change 
with inertia and cylinder combination after what has been said on 
balance. The results will be referred to again and used in designing 

crank-shafts and fly-wheels. 



PART III. 

ENSIGNS OF THE ENGINE PARTS. 

'. Cylinders. — From whal has been presented in Part L, 
iameter stroke and R.P.M. for a single cylinder of the required 
i^^^ver can be calculated and the probable economy predicted. Con- 
secrations of balance or turning effort may show some particular 
^^■Valtiplication of cylinders with some special grouping to be desir- 
^■Vilc. In this case the same displacement per minute will give the 
^^mired output when divided among the desired number of cylin- 
ders. Having the number of cylinders, their general arrangement, 
the stroke and diameter, there remains ihe filling-in of details of 
Requisite form and dimensions to secure the result in physical actions 
and to resist the stresses set up by gas pressure in the cylinder and 
the kinetic forces of such moving parts as are needed. 

68. Cylinder Walls. — A cylinder resisting an internal pressure is 
subject to simple tension if not ton thick. The maximum gas 
pressure that may ever be met is the pressure that the metal must 
be able to resist. In gas-engines of whatever compression or fuel 
this probable maximum pressure may be calculated by the pressure 
ratios applied to the pressures of compression as explained. The 
highest possible, though normal, pressure may be taken as 450 lbs. 
per sq. in. for engines with high compression and rich fuel. 

Occasionally an explosive wave may develop, especially when 
the space containing the charge is very irregular and consists of 
isolated pockets. This wave may generate momentary pressures 
at the crest as high as 600 lbs. per sq. in., but if the maximum of 
45c lbs. per sq. in. be taken with a sufficiently high factor of safety 
or sufficiently low initial material stress the results will be perfectly 
satisfactory. The probable maximum is to be calculated as explained 
in Part I under pressure ratios. 
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onsider a cylinder of unit length i in. 

here will act to disrupt along an element parallel to the axis 

ce F pounds. 

et P m ■= maximum pressure pounds per square inch; 

i= diameter of cylinder in inches; 

/= thickness of cylinder wall in inches; 
S = resisting stress in pounds square inch of metal in tension ; 

F=P m Xd pounds. 

his is resisted by two thicknesses of metal, one at each end of a 
eter; hence the resisting force is 



R = 2txS. 



t these are to be equal, 



P m Xd = 2txS, 



'-is- <") 



'his form of the expression, then, for cylinder thickness and its 
\ depends on the selection of S. 

ylinders after use require reboring.. and a certain amount is 
red for this; hence to the above should be added a constant c 
e times a function of d) f giving 



.P m Xd 

*— o +£> ....... (j6) 



sist the bursting along a longitudinal element. 

he gas pressure acts on the head and frame, also tending to 

the cylinder along a circle. For this case 

F-P m X-~. 

4 
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The total metal resisting is a ring of internal diameter d and 
external diameter d+2t' } hence the area of the ring is 



-[(<*+2/) 2 -d2] 
4 

~-[<P+4dt+4P-(P} 
4 

-x/[d+t]. 



Hence the resistance by the metal to this stress will be 

R-nt[d+t]S. 



Equating this to the force acting, 



■tf+flS -£-*"* 



.\ P+id- 



4 

AS' 

P m <P <P 

— — I — 
4S 4 



/ - , 4(>l^ +i - x ) (77) 



The thickness must be great enough to resist both these stresses 
and if one be greater than the other the greater will include the 
less. To find which is greater assume 

then 

d 



or 



1-222? +c . igg>5 j +c> 
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[ence t by formula (76) will be larger, as c is always small com 
ith d. 
If therefore the thickness of cylinder be taken as 

P d d 



M P m d ,_ ./22s 
20 



(?♦'> 



ad 5 properly selected, the result will be satisfactory for strength, 
ut may be too heavy, for here P m =450 lbs. per sq. in. 

69. Empirical Formulas for Cylinder Thickness. — For particu- 
Tly sound castings high values of 5 may be used. This is other- 
ise expressed by making / increase not as the diameter directly but 
3 some fractional power of d with a constant 5. The problem is 
sry similar to that for steam-cylinders, but the many formulas for 
eam-cylinders give thicknesses that are different. 

Thurston gives t'=aP m d+b (78) 

a = .0004 for short strokes or vertical cylinders 
to a = .0005 for long strokes or horizontal cylinders; 

b =.5 for horizontal cylinders 
to b *=.2 for vertical cylinders. 

[ence in this case 

5 = 1250 lbs. per sq. in. 

O =1000 

hile the reboring constant varies with the tendency to wear. 
Seaton gives 5 - 1250 for cast iron 

to 5-2500 " " " 
ad for large marine engines the reboring constant 

c-0.6". 
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For large cylinders with low pressures Weisbach gives 

t-.ooo3$P m d+o.8; (79) 

in which £-1500* 

c-a8. 



Van Buren gives 



ir* >vhich 



/-.oooiP.d+.isV^ (80) 

5-5000, 



fee reboring thickness proportional to the square root of the diam- 
eter. He also gives 

t-'sSrj-xJfj <W 

in which the reboring term is omitted, or, rather, included. 

Here 5= s i6.5\/P m d, making the stress allowable proportional 
to the £ power of both maximum pressure and cylinder diameter. 
This covers rigidity and gives usually large thicknesses. 

HaswelTs formula is the same in form as Weisbach's, but he uses 

C=.I25", 

5 = 1250. 



For small cylinders Whit ham makes c=o and 5 — i6$\/P 
which is similar to Marks's form, where 



m» 



C =0, 

5 — l800. 

Using many formulae, Kent calculates the diameter of cylinders 
of different sizes and finds a formula representing a mean of the 
results He gives 

/ — ,ooo^P m d + 0.3", 
in which c— 0.3, 

5 — 1250 lbs. per sq. in. 
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. Empirical Formulas for Gas-engine Cylinder Walls. — For 
lgine cylinders H. H. Kelly gives t^.og$d for cylinders 7" to 
1 diameter. Taking 450 lbs. as P m this involves 



4SO . .,, 

2367 lbs. per sq. in. 



2X.095 



>r small gas-engine cylinders d — 5" to 8'', Guldner gives, when 
rith the frame, 

5 = 1500 lbs. per sq. in., 

tO C—.20. 

lien larger and separate, higher values may be taken for 5 
irger allowance for reboring. 

r. S. A. Moss gives, on comparing reports of dimensions used 
lerican practice, 

c-V, 

5-1625 

to 5 - 3750 for P m - 300 lbs. 

his is too low a value for P m9 for, except in a continually throttled 
e, the maximum possible pressure will exceed this. Taking a 
num of 450 lbs. the metal stress for the above case is 

5-2437 
to 5=5625. 

Tiile some engines are running satisfactorily with this high 
, it is somewhat too high for good practice. Strange to say, 
he higher stress is not always confined to large engines, as it 
d be. 

Dr small automobile engines where lightness is a considera- 
reboring provisions may be omitted, and 

*-J" for cylinders ij" up to 2$", 
/-|" " «« 2 \» li il 5 // . 
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For cylinders about 5" the formula should be used. No cylinder 

should be less than \" thick. In these cylinders a maximum of 

300 lbs. is rarely exceeded, as they all use vacuum carburetors. This 

orresponds to a stress for the four limiting cases 

S= 900 to 1500 
5 — 1000 to 2000. 



A formula allowing 3000 lbs. stress is t - .075^, and many engines 
tire built according to this. 

For medium-sized engines of diameters 6 to 15 ins. reboring must 
be allowed for and the following may be used: 



/ = .o6od + .2, 



for ordinary work; 



f = .o75</+.3, 



(8 3 ) 
(83) 



for heavy work and stiff cylinders. 

This corresponds, on a basis of 450 lbs. maximum, to stresses 

5=3750 lbs. persq. in., 
5 = 3000 ' " 

For large cylinders, if needed very stiff to reduce vibration period 
of frame, 

|-x8S*+.3, (84) 

on a stress of 2648 with 450 lbs. maximum. This is greater than 
needed for strength. 

Large two-cycle cylinders must be built heavier than four-cycle 
to resist the weakening in strength and stiffness due to the exhaust 
ports. For this 

t-.^d+.s, (85) 



involving 1870 lbs. stress on 450 lbs. maximum gas pressure. There 
is always danger of overheating these thick cylinders, so that the 
greatest caution should be observed in applying excess metal. 
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r regular work where no unusual stiffness is required 

/ = .o52</+.3 




rve. 

is involves a stress of S =4327 on a basis of 450 maximum g^ 

re. 

e entire cylinder length need not be equally heavy, as pressure 

pidly with the piston motion; hence, in large cylinders esp^^ 

the Walls may taper somewhat. 

ildner gives 

5 =4300 lbs. per sq. in. allowable, 
C-.25". 

/s "excessive thickness of walls is objectionable on account 
culty in getting dense castings and difficulty of cooling. When 
er diameter exceeds 2 ft. the thickness may decrease till the 
of diameter is only two-thirds that for part receiving maximum 
re." 

Cylinders too Thick for Simple Tension in Walls. — The 
ling work supposes the thickness of the cylinder so small in 
rison with the radius that the whole cross-section is equally in 
1. Very high pressures, with the necessarily very thick walls, 
e consideration of three facts : 

A difference in stress in inner and outer cylindrical layers, 
ig greatest on interior layers. 

The elongation of interior layers to permit outer layers to 
1 tension results in decreased area. 

This decreased area of cross-section from inside stretch 
ses the bore. 
)re exact formulas take into account one or more of these 

ie simple formula for a thin shell is 



/~ S' 



m 



ixes* formula neglects (c) and is given by 

4 p p 
p=(/)"T-i= (2.718)^-1, (87) 

e i& the logarithmic base 2.718. 
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Hajfiorfs form is exact and covers (a), (6), and (c) by 






^55 



(88) 



The effect of making the internal pressure approach the tensile 
resisting stress in the metal is pointed out by Mr. Alfred Petterson 
in the " American Machinist." These results are given in the 
table. He takes allowable tensile strength of 1800 lbs. per sq. in* 
for cast iron. 
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As the highest pressure ever reported in gas-engine cylinders, 

even for the explosive waves, is 600 lbs. per sq. in., with an allowable 

5 
tension of 6000 lbs. per sq. in. the ratio is p- =10. For this value 

m 

S t 

of the ratio -5- the table shows the ratio -, will not differ from the 

value for simple tension more than .011 bv Barlow's or .00; ^ bv the 
exact Lamd formula. It will appear from this that the form of for- 
mula used is justifiable. 

73. Cylinder-heads and Breech Ends. — Small cylinders are cast 
with the head in one piece with the walls and jackets. Openings 
are left for valve insertion, and usually also in the jacket-head to 
facilitate coring. Such openings are closed by ground-joint flat 
plates held by a single bolt at the center or by yokes of cast iron, 
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one yoke and one bolt holding two covers. These small cylinder- 
heads are usually hemispherical, in which case 

Head thickness f — \t for strength; 

but as these walls are seldom designed for strength, but rather for 
soundness of casting, such heads are to be made of the same thick- 
ness as walls. Even when hemispherical or approximately so the 
valve-chamber forming extensions of the clearance space will have 
flat sides and all openings for valve removal will be covered by flat 
circular plates. All such flat sides and plates are subject to the 
uniformly distributed internal pressure, which may be calculated by 
compression-pressure ratios for these engines or assumed to be 
300 to 450 lbs. per sq. in. for the highest possible. These plates 
when forming part of the casting are flat plates secured along the 
edges. 

When held by a bolt through the center, or by a yoke and bolt 
pressing on the center, they are supported in the middle apparently, 
but since the ground joint to be tight must be under compression 
greater than the internal gas pressure initially they must rather be 
considered as Hat circular plates supported at the edges and loaded 
in the middle. The load is, moreover, uncertain and depends on the 
tension of a long bolt passing through the yoke and secured to the 
cylinder-head. Under these circumstances it is clear that the actual 
load these flat plates will be caused to support, and the stress in the 
metal, cannot be computed. A more empirical rule, then, will be 
given for these Dlates, covering a hole whose diameter is 

Cover- plate hole diameter = outside valve diameter +56 inch. 

The other dimensions of the plate are usually a little heavier than 
the valve, which is designed as an edge-supported plate with extra 
metal for stiffness. 

Cover-plate yokes are beams loaded in the middle and supported 
at both ends, and their strength will depend on cross-section, dis- 
tribution of metal, and the conditions of application, and their form 
will vary so much that no general formula can be given for them. 
They must carry the maximum gas pressure on one or two cover- 
plates in addition to whatever stress is necessary for tightness, and 
the whole is to be resisted by a single bolt. 
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No yoke -bolt should be less than \" diameter or it may be too 
X\y stripped; \" would be better. Too large a bolt or too short 
i one would not give the necessary elongation to put proper stress 
on the cover-plates without breaking. In short, such bolts on screw- 
ing up nut will increase load lo breaking strength of bolts too quickly. 
oo long a bolt makes shearing easy. Practically such bolts are to 
■ f" or J" diameter, sometimes jj" on small engines, and nc 
;cd on engines of greater cylinder diameter than 6", nor should 
hey have less than ij" °f clear bolt in the yoke. 

The cylinder casting should be so thickened where the yoke stud 
enters as to give a thread support at least equal to that offered by 
the nut, and the surrounding walls should be stiffened to resist the 
load resulting from the pull on the casting. 

74. Volume of Clearance in Breech End— The clearance space 
usually so irregular in form in small engines as to be difficult to 
evaluate volumel neatly. If, therefore, the volume be calculated < 
correctly as possible, and the dimensions so selected as to give the 
ratio by the formula below, the compression pressure desired can 
be obtained by adjustment after the first engine is built. 

Let clearance volume =v b -volume of gases at end of compres- 
sion in cubic inches; 
" compression pressure in atmospheres— £,'; 
" compression pressure in pounds per square inch absolute =p b ; 
" atmospheric pressure in pounds per square inch absolute 

= 14-7; 
" displacement in cubic inches— 3; 

" total volume before compression ^v b + S cubic inches; 
" cylinder diameter =rf inches; 

•' crank radius -- inches; 



then, very nearly, 




».-K+»('£ ? ) , -C«.+»(£) i 



(89) 
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8 fflP/ s , I .785^/ ^ 

lis is the clearance volume in cubic inches to give the com- - 
on of Pl atmospheres, very nearly. 

. Adjustment of Clearance. — This quantity v h can be computed 
from the tables of cubes and fourth roots. Adjustment of 
nee volume or compression pressure after contraction can be 
by 

) Changing the connecting-rod length. 
1 Arching or depressing cylinder-head or clearance walls. 

Arching or depressing piston-head. 
I Attaching plates or other masses to the interior walls of 
er or piston-head. 

Cutting of metal from interior parts originally left a little 
for this purpose. 

ic attachment of any mass to the interior of the clearance 
:rease compression will undoubtedly result in preignitions 
overheating unless it is possible to get such thermal contact 
carry off heat as fast as absorbed. This is impossible with 
:hick metal. 

le best method is either that of arching or cutting. To do 
tter, the piston-head can be made quite thick and clearance 
ated smaller than desired. This may leave the piston heavier 
s desired, but this is not necessarily bad, as reference to crank 
i will show. Arching or depression of walls requires slight 
tion of pattern and certainly new castings. Connecting-rod 
ment requires first a true cylinder bore beyond where the 

is intended to stop and in some connecting-rods can be secured 
lply using liners or shims behind the brasses. 

Another adjustment not as simple to practice but very effective 
ts in lengthening or shortening the frame between main bear- 
md cylinder. If the frame and gear permit, this is a good 
d, but very few valve-gears are so constructed as to make 
ossible. A two-part piston would make adjustment easy by 
r effective method. 

some engines even of considerable size the valves are located 
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directly in the middle of a flat head ; when this is the case, the clear- 
ance is simply a cylindrical extension of the cylinder of the same 
bore. Its cross-section is the same as the cylinder and its length d 
is given by 



1 



w- 



76. Flat Heads. — In cases like this the flat head with the valves 
constitutes a circular plate uniformly loaded, except where the valves 
enter, and loaded around circular lines where valves pass through. 
The head is jacketed and the various webs connecting jacket and 
head proper that make up the valve ports and supports make of 
this double-walled head a circular girder in effect. While, therefore, 
the formula for a circular plate uniformly loaded may be applied it 
3 useful as a guide only, since 

i°. There is not a single plate, but two plates connected by webs. 

2 . The bottom plate is not uniformly loaded. 

3 . It is not uniformly supported at the edges, as it is held by bolts. 

4 . It is not merely supported, but partly supported and partly 
fixed by the compressive effect of the bolts and broad face of con- 
tact which extends across cylinder walls, jacket space, and jacket 
walls, the bolts usually entering lugs in the jacket space. 

The formula of Grashof for uniformly loaded plates is 



(91) 

r.llvpl 



when fixed at edj 



-4 



1 p. 
s I 



6 / 



when supported at edge, 
where f -active radius in inches; 
T -thickness in inches; 
P m -maximum pressure pounds per square inch; 
/-working stress in the metal. 



(9=) 



(W> 
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Comparing this with formula for cylinder thickness and putting 
/— S and P m the same, 

/-- f- or P.--; 



r 



substituting and making ^ ^r 9 



2 St 2 ■ 

^3 rf ^3 



^'N^V' (94) 

for fixed edge; plate thickness relative to cylinder thickness with 
equal working stresses. Thickness of heads proper, when web- 
attached to jackets, is never calculated from the plate formulas 
for reasons given, but is given as a function of the first powers of /. 
This is also done in steam work. 

Flat part of heads will then have thickness: 

7* =0.7/ (95) 

to ^' = 1.4/, (96) 

depending on how much flat surface is exposed and how much 
truss effect is secured by jacket-webs. For small surfaces and good 
connection use the lower figure, for large flat surfaces use the larger. 
For steam-engine flat heads Kent gives as the average of many 
formulas 

r" =.00036^ +.33 (97) 

77. Valve Location in Heads. — Placing valves in the head to get 
simple clearances involves the use of valve-gear on the head itself, 
and though by removing the head all valves are exposed, this advan- 
tage is nil in large engines when the part is heavy and work diffi- 
cult. For this reason the majority of gas-engines distribute the 
valves differently. Valve-stems should be vertical, else the seating 
will be eccentric. The location of valves with vertical stems in 
positions that will make them easily removable and yet not strike 
the piston makes it necessary to introduce them through offset spaces 
in the clearance. These valve-pockets and the passages connecting 
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them to the cylinder proper will constitute an irregular casting called 
he breech end. 

Valve-pockets may be offset from the cylinder itself wholly; 
rom the head or breech end proper wholly or partly from both; 
the dividing line between breech end and cylinder is the joint. 

In small vertical cylinders the inlet will usually be carried in the 
head with its stem projecting upward and immediately below it Ihe 
exhaust-valve will scat on the cylinder casting, the stem projecting 
downward. 

In this case there will be two offsets, the one in the head match- 
thc one in the cylinder. When this is done the inlet-valve is 
usually housed in a cage, removal of which permits removal of 
exhaust-valve upward from its seat in the main casting. Both 
vertical and both projecting downward, in vertical engines 
is secured by putting both on same side with one wide offset to 
carry them or one each on opposite sides of the cylinder with two 
opposing offset pockets. When horizontal cylinders arc used a 
ingle offset on the end may carry both valves either one above the 
other and stems one up and one down, or both pointing the same 
way. The former requires a narrow offset and the latter a wide 
valve-pocket offset. The same result can be secured by pulling 
both on one side or one on each side or one on the end and one on 
side. No matter what arrangement is used to make both valves 
easily removable and work on vertical stems irregular breech ends 
are necessary, and the cylinders may be irregular to match or, as in 
case of both valves in the end, the cylinder may be perfectly plain. 

78. Breech-end Walls. — The thickness of the walls of those 
irregular passages can always be more or less correctly judged from 
ihe knowledge of the necessary thickness of the true cylindrical sur- 
face and the thickness of a flat plate. This, however, is based on 
the assumption that the resistance of the metal is known or know- 
able. With the irregular castings resulting from involved breech 
ends with their jackets connecting webs, gas, air, and exhaust 
ports, bolt-holes for connection lo cylinder, lugs, etc., for connecting 
valve-gear, there are many unknown and perhaps serious cooling 
:rains in the metal. The best results will be secured by as great 
mplicity as possible and by dividing into parts to be bolted up. 
Vherever possible these breech ends, irregular at best, should be 
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cast separate from the cylinder, which so far as possible should be a 
plain shell to insure truth for varying temperatures. 

79. Head and Breech-end Fastening. — Breech ends when sep- 
arately cast are secured to the cylinder by bolts. Some builders 
have used long bolts extending the length of the cylinder, securing 
breech to cylinder and cylinder to frame with one fastening. This 
is not good for two reasons: first, there is a different coefficient of 
expansion for wrought-iron bolts and cast-iron cylinder; secondly, 
to secure the compression at the joint necessary for tightness some 
elongation must be put on the bolts, and after setting up for 
tightness when a little warm, cooling may result in permanent set 
and cause, first, leakage and later failure. Long bolts also are sub- 
ject to excessive shear in setting up more than is desirable. Cylin- 
der-heads and breech-end bolts are not as a rule secured through 
flanges as on steam-engines, but through solid metal in the jacket 
space. Stud-bolts are most common, and the cross-section necessary 
for strength is easily calculated: 

Let A c = cross-section of clearance space along the joint line, 
the maximum load is 

P'=P m A c pounds (98) 

The cross-section of all bolts combined must be such as will not 
call for more than 4500 lbs. per sq. in. fiber stress for bolts less than 
J" and upward for large bolts to 7000 lbs. Reference in this con- 
nection should be made to Cathcart's "Machine Design,'' Vol. I. 
The number of bolts and their size will be dependent not on 
strength but on the conditions for securing a good joint. To make 
a joint between breech end and cylinder, either a thin asbestos 
gasket is used or a finely machined scraped or ground joint is made. 
When water-jacket circulation is made through the joint the gasket 
is used, but with the fine joint an outside connection either by bolted- 
up castings or by piping must be made between breech and cylinder- 
jacket or a separate circulation system used; this last is best for 
large engines. 

With an asbestos gasket joint considerable compression must 
be put on the gasket to prevent leaks, especially between bolts. 
Hence the bolts should be as close together as possible, allowing 
only proper freedom for the wrench. They should not be too large 
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1 diameter or a man must apply a hammer to the wrench in setting 
p, which results, perhaps, in too much stress. If too small, they 
are subject to twisting off, and so must be large enough lo prevent 
an ordinary man from applying stress enough on the wrench to 
break. The proper location of bolts will depend on the form of 
the joint, which is seldom circular, special care being exercised at 
;omers. 

Professor Cathcart, quoting Professor Barr, says that the initial 
load /*[, due to the mechanic's handling of the wrench, may be esti- 
mated at about 16,000 lbs. per in. of bolt diameter. The intensity 
of the initial tensile stress in bolt varies inversely as the diameter 
ind will be about 

'»-M, J j^e 1 rr lbs -I ,er5< l- in <»» 

In addition to this tensile stress there is considerable twisting 
of the bolt. 

The following data on wrenches represent approximately the 
practice of J. H. Williams & Co. in making wrenches by drop- 
forging. 

Let (/^diameter of bolt in inches; 
then 

Opening between jaws => 1.5 d b + \"; . . . . (100) 

Width of metal beyond " "d b +-^ for small sizes; . (101) 

" " " " " =d b +\" " large " . . (102) 

Hence for small wrenches the spacing of bolts should be: 

Opening between jaw* = i.S^ fc + i" 

-t-width of metal around jaw -*</„+<£", 

where d" =aV" to \" 
+ a distance from wrench to next unit =d'\ 
giving 

Distance between bolt centers = 2</ 6 + $"+d'+(£". . . (103) 

The clearance d" may be made as small as in the designer's 
judgment seems desirable. 
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The center line of the stud-bolts should be such that the bolt 
comes tangent to the cylinder walls on the outer side. Usually there 
will be sufficient metal outside the bolt for threading the casting to 
receive the bolt thread; if not, the jacket must be thickened to give 
at least a bolt diameter of metal outside and all around. 

What fastenings or connections will be needed on the cylinder 
and breech cannot be determined until the valve, governor, and 
igniting gear have been laid down, and then the stresses may be ana- 
lyzed and strength checked, but rigidity is most important. 

80. Cylinder Length. — The length of the cylinder will depend 
on the length of the piston, the stroke, and the form of the breech 
end in connection with the compression pressure. After laying down 
the breech end the inner point of the piston travel is determined; 
from this the length of piston can be laid down and the length of 
cylinder to always cover the piston will be beyond this one stroke 
length. Pistons generally project beyond their cylinders when single- 
acting, especially when short frames are desired. 

81. Water-jackets. — Every part in contact with the hot gases 
should be water-cooled except in very small engines. As the piston- 
head never reaches the crank end of the cylinder the jacket seldom ex- 
tends the length of the cylinder; the usual practice is to extend the 
jacket a short distance beyond the point where the piston-head stops 
on the outstroke. All the breech-end parts must have water contact, 
and when large, the piston- and exhaust-valves must also be jacketed 
or their centers will overheat. Igniters are sufficiently cooled by 
making a good, machined contact between the supporting barrel 
and some water-cooled part. 

The amount of water that is necessary should be such as will cany 
off 50% of the heat generated by the combustion. Frequently as 
low as 30% will be thus carried off with early ignition and long 
expansion, but 50% should be the amount of heat to be counted on. 
Another way of computing is to provide for the carrying off of twice 
as much heat by the jacket as is converted into the work. Thus a 
50-I.H.P. engine should be provided with water enough to carry off 

50X2 X^3ooo 

i B.T.U. per minute. 

778 ** 

This is only approximately true, but errs on the right side. 
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Let w —pounds water per hour required; 
t-t —temperature rise allowed, degrees F.; 
£3 —thermal efficiency based on B.T.U. in fuel (high) and 

I.H.P. ; 
Q' -B.T.U. per hour set free by combustion; 
<?"- " " " to be carried off by jacket; 

then heat per hour set free in engine is 

Q'-^^X^-g-X^ B.T.U. per hour. . . (104) 
Heat to be carried off is 

Q"=$oQ' (105) 

to Q"=.5o<2' (106) 

Heat absorbed per pound water is 

t-t B.T.U. ; 
hence the pounds water per hour required is 

- .30 I.H.P. 33000 , 

•from w-r^ — ^ — X--- -X6o . . . (107) 
t-f £ 3 778 v u 

.«;o I.H.P. 33000 , , _ 

to w-^-^-x-^g-xea . . . (108) 

The maximum temperature t may be about 180 F.; it may be 
higher if care has been exercised in preventing the formation of 
steam pockets in which the generation of steam may prevent water 
entering. 

Should the water be allowed to boil and the jacket be constructed 
for this a much smaller amount of water will be needed. Taking 
960 B.T.U. as the latent heat of steam at the pressure in the jacket 
slightly above atmosphere the water necessary will be 

, .30 I.H.P. 33000 , 
*-&> E~ X 778" X6 ° • • ' " < 10 9> 



1 
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. . 30I.H.P. 33000 , g . 

to v/ '^o-E- X lW X6 °- ' ' ' ' (II0) 

Small stationary engines sometimes use convection circulation 
between the cylinder and an elevated tank. In such cases the rate 
of cooling must equal that of reception of heat or loss of weight will 
occur by boiling. In fact boiling does generally occur in such 
installations if the load be heavy and run long. 

Automobiles use pumps for circulation and the capacity of the 
pump is given above by w. The water is then cooled by a radiator 
which must be able to extract w B.T.U. per hour; if not the water 
will boil here also. If the radiation were sufficiently effective heat 
might be taken from the cylinder walls directly, and in some auto- 
mobile engines by inserting threaded rods like quills the proper 
heat absorption is secured if a strong air-blast is available. 

The water-cooled automobile engine simply uses water to increase 
the effective air-cooling or radiating surface, in which case a circu- 
lating pump is necessary. 

The centrifugal circulating pump of properly small size when 
tested by M. Butin gave efficiencies from 18 to 35% on pressures 
ranging from 8 to 15 ft. of water. The rate at which the water is 
air-cooled depends on the difference in temperature of air and water, 
the air velocity, the water velocity, and the nature and extent of the 
surface. Fans are generally used to increase air velocity; increase 
of surface is secured by many small tubes, metal discs on pipes, etc 
MM. Grouville and Arquembourg report the surface per horse-power 
for the disc and pipe radiator, the section normal to the draught, as 

34 square inches when one tube deep, 
18 " " " two tubes " 

13 " " " three " " 

So that for the best case there is abstracted per square inch of 
projected surface per hour about 

- 1 ^X--°°°X6o B.T.U., 
3 4 X£ 778 ' 

or taking £3 =.125, the radiation rate is about 300 B.T.U. per hour 
per square inch of air-cooled surface. 
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82. Water Space. — The water space must be so formed as to 
permit true circulation without eddy currents and without steam- or 
air-pockets. 

Water heats in the jacket and convection currents arc set up 
which are greater the slower the flow through the jacket and the 
larger the space. No possibility of mud settling in places without 
means for removal should be permitted. The jacket may be cast 
in one piece with the cylinder, but better castings will result, cs|jc- 
cially in large work, if it be separately cast and fitted. This, how- 
ever, is more expensive. 

When separate jackets are used the water space is generally 
larger than when cast; to the thin shell there are added internal rib 
webs for stiffness. 

Let w\ = width of water space; 
^ien, for usual practice in horizontal cylinders, 

W1-.0W (in) 

For vertical cylinders with good circulation the space is less 
than this, especially when several separate feeds enter jacket divided 
longitudinally, making several individual jackets. More heat will 
t>e carried away in a given time by a swift thin stream than by a slow 
thick one and the surfaces kept cleaner. For this make 

tt' 2 =.045</ ( II2 ) 

When large cylinders have separate jackets w may be quite large. 

W:i=.i$(l (113) 

If for any structural reason it is desired to alter the water space, 
it may be done without harm provided in so doing no dead ends or 
pockets or misdirected circulations result. 

83. Jacket Walls. — A jacket wall must resist internal water pres- 
sure if there be any, and then it seldom exceeds the 50 lbs. per sq. in. 
in the city main. The jacket wall must also, which is more important, 
carry parts of the mechanism and often the whole weight of the 
cylinder when horizontal. In cases where it has extra service to 
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>erform, especially where stiffness is required, it must be donsidei 
t part of the frame and be properly webbed. 

Small automobile engines have jacket-wall thickness, 

j**.o6d (ik: 

Slow-speed stationary engines, where stiffness is more imports 
han lightness, 

ji-.ioi (n 

With proper reinforcements at the necessary places 



j2-.o5</ (n 

rhis latter is most common. 

Where the separately webbed jacket is used 



jz<=.o2$d (117) 

Breech ends, when irregular, usually have water space irregular 
in thickness to give the outside a uniform appearance. Wherever 
by reason of the layout the jacket must support or transmit stress, 
the thickness must be made great enough to resist this stress, and 
analysis of such maximum stresses is therefore necessary for each 
specific case. 

To permit of a cold-water-pressure test of 400 lbs. per sq. in. for 
leakage Guldner recommends a thickness about 

74 -.02 2d, (118) 

provided the stress of about 8500 lbs. per sq. in. is not often repeated. 
83. Cylinder Charges and Valves. — Entrance and exit of gases 
through the valves should be accomplished with as little expenditure 
of energy as possible, so that during entrance a full charge shall be 
secured and during exhaust expulsion be complete and uniform. 



n 
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To minimize the energy necessary for the motion of gases, suction 
should take place at pressures as little below atmosphere as possible 
and exhaust as little above atmosphere as possible. These pressure 
differences through the valves will depend on the velocity of the 
gases, which in turn depends on the piston speed and valve opening. 
Valve openings, then, should depend on the piston speed, and as 
this is variable during the stroke, while the valve diameter is con- 
stant, it is evident that the lift of the valve should vary with piston 
speed to keep gas velocity uniform. 

Vacuum on the suction stroke may be caused by the demands of 
a carburetor in gasolene-engines; hence in these cases the vacuum in 
the cylinder is doubly low, one part being due to the carburetor and 
the other to the valve opening, with possibly some due to passages 
that are too small or crooked. 

With high piston speeds and short strokes — that is, a high 
R.P.M. — the mass of mixture must be started in motion toward the 
cylinder at a velocity of several thousand feet per minute. This 
motion must be arrested and the valve closed in a very short space 
of time. 

At 1800 R.P.M. a stroke is completed in 1/3600 minute, or 
60/3600— .0166 second. 

This will bring into play inertia of the gases; hence loss on charg- 
ing may be due to this in cases of high alterations per minute, and 
to reduce the loss the valve should be held open longer than the 
end of stroke. 

Back pressure may result from too small an opening in mufflers 
or improper setting. This is more serious the higher the terminal 
pressure, and hence worse with low compressions, rich fuels, Inte 
ignition, and high exhaust velocity, especially when speeds arc high 
at the same time because of inertia effects in the gases. 

84. Gas Velocity through Valves and Piston Speed. — Gas 
velocities have been usually computed on the basis of full valve 
lift for the stroke in a somewhat similar way as piston speeds are 
computed on an assumed constant velocity for the stroke. There 
we no serious consequences arising from the latter, but with the 
former, unless the cam is so formed that the lift is at all times pro- 
ortional to actual piston speed, there may be a serious loss at cer- 
tain parts of stroke. 






73 GAS-ENGINE DESIGN. 

trough a space between two cones and the width of opening ft' will 
■ ■ ■ ::mm>s be to the lift as —7= . the side to the hy- 

V2 

pothenuse of a right-angled triangle, Fig. 
131. Hence 




V2 



("5) 



for a 45 angle and small lift. 

Gases passing this opening will have a 
Fig. 181. maximum velocity at the inner edge. This 

area is the surface of a truncated cone whose 
Jement has a length h' and whose small diameter is J and large diam- 

terJ+2(i), 



, and therefore whose mean diameter is 



The area of opening is then 



■(<+*M'4)(£)- 



r.ih xk* 

V2 2vT' 



This is true until the lift is such that /(' is equal to the width of 
he seat, after which the opening approaches that of the flat-faced 
r alve. 

The ratio of velocities will then become 

I Ah _h' \ 



-2.84^+1.4-3. 



(■27) 
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In an engine the only quantities that vary throughout the Stroke 
are S' and h; hence to keep V t constant h should be proportional 
to S' for flat-seated valves and is given by 






(ia8> 



and the maximum useful k is given by equation (120) and .S* is 
given by the curve of Fig. 128. From this curve the contour of 
the cam to keep the gas velocity constant for all points of the stroke 
can be obtained if used with the known area for each valve-lift. 

87. Cam-curve for Constant Gas Velocity. — Cam-shafts rotate 
at half the speed of the crank-shaft; therefore a valve that is to be 
open for one stroke should have a contour changing from zero to zero- 




in oo° of rotation of the cam-shaft. To draw the cam contour for a 
constant gas velocity, lay off a circle of any radius with center O, 
Fig. 132. Between two diameters at right angles, OA and OB. lay 
off the arcs ab, be, etc., by dividing 00* into any number of equal 
parts, say every 15 . Lay out bU, c<f each equal to an ordinate of 
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the piston-speed curve for twice the angle. This curve is calculated 
just as was the piston-speed curve by the use of similar triangles, 
making ax, Fig. 130, equal to the maximum lift. It will appear 
that cams working on an outstroke (suction) should have a different 
contour, or rather the same with ordinates or radii reversed, than 
should a cam working on a return stroke (exhaust). Cams should 
be designed on this theoretic curve as a basis, but there may be 
certain variations desirable from considerations of practice. How- 
ever, any change of contour from this means a variable gas velocity 
with stroke except for the beginning of exhaust, when the terminal 
pressure must first fall to atmosphere. 

88. Valve-lifts. — Valve-lifts are never given the full height of 
\ diameter for several reasons: pound on cam if the lift is high and 
quick, pound on the valve-seat and difficulty of closure by springs 
at high speeds against the inertia of the valve, coupled with the 
possibility of securing low velocities by larger diameter and small 
lifts. High-speed automobile engines use valve-lifts. 

hi=o.osJ (129) 

to ^2== 0.10 J for flat valves, . ... (130) 

and hs=o.o*jJ (131) 

to ^4= 0.16 J for conical seats (132) 

89. Valve Diameters and Velocity Ratios. — Their diameters 
vary also considerably, running from 

J1-0.30J (133) 

to ^2=0.45*/ indiscriminately (134) 

Using these values in the formula the ratio of velocities for point 
of maximum opening can be obtained. 
For flat valves: 

1. h=o.o$J=o.oi$d when J=o.3od. 

2. A^o.ioJ =0.030^ lt J ^o.^od. 

3. h=o.o$J =0.0225(2 " J=o.45d. 

4. A=o.ioJ =0.045*/ " A =o.4$d. 
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This gives for the four limits 

w /^*\ »• r R as velocity 

., Max. (-=?) —ratio of . . -:— at maximum 

ah. \S J piston velocity 

opening and maximum piston speed. 
I. 0.0045^ 55.55 

2. o.oocprf 2 27.77 

3. 0.010125 24.69 

4. o. 02025^ 12.345 

Applying the same treatment for comparison to conical-valve 
limits, for conical 45 valves 

1. A = o.o7J = o.o2i(/ when J = 0.3c*/. 

2. A = o.i6J = o.048J " J = o.3otf. 

3. A = 0.07^0.032*/ " J =0.45*/. 

4. fc = o.i6J = o.o72(/ 4< J =0.45*/. 

The ratio of velocities becomes, for the four limiting cases, to 
point where piston speed and lift are maximum: 



* \y) = ' 022 $> (y j 1 - 44-84- 

'■ \v t r m 



o43 2 > \y) = 2 3' l 5- 

3- (p r ) = -°4i9, (y7 = 2 3- 86 - 

4- \y) =s -°972> (y 1 = 10.29. 

Large engines have valve-lifts about the same ratio of the diam- 
eter as do these small valves, but with their slow speeds the lift 
may be greater without so great a danger of harm if the valve be 
plain. In large valves, which are usually water-cooled and heavy, 
the weight including considerable water, the inertia increases with 
the weight about as the square of the diameter as the inertia decreases 
as the square of the speed. Theoretically valves of precisely the 
same strength and form would increase in weight with the cube of 
their diameters, but the form changes with size. Diameters of 
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alves in large engines are generally relatively smaller than in the 
nailer high-speed engine, since the gas inertia is negligible. 

90. Mean Gas Velocity. — The common method of giving these 
as velocities would be to state that the gas velocity was so 
lany feet per minute computed on assumed constancy of velocity 
iroughout the stroke. This is called mean gas velocity and cal- 
ulated from mean piston speed and continued full open valve, 
'hus M. F. Gaillardet gives for engines of the small high-speed 
lass: 

V g =13200 ft. per minute (135) 

to Vy= 1 9800 ft. per minute (136) 

nd limits the lift to £". This is for suction vacuum, opened or 
utomatic valves. When at high speeds, unless the large vacuum 
elonging to these velocities is secured, the valves with their high 
lertia will not open and close promptly. Mr. Heseldin gave some 
me ago for automobile engines: 

Exhaust. Automatic Inlet. Cam Inlet. 

F,=45oo 3600 5400 

Capt. C. C. Longridge gives V % for inlet 4800 and exhaust 6000. 
'hese last two show a not very close agreement with the first, and 
le reason is that in the one case a prompt automatic valve move- 
lcnt is sought, while in the other the avoidance of loss and as high 
l.E.P. as possible with correspondingly high economy is desired. 
Experiments by the writer show that with mechanically opera- 
nd valves the loss shown by indicator cards is about 10%, with 
^=4000 for both valves, and it increases about as the square of 
le speed. Giildner gives ^=4920 as the maximum mean gas 
elocity allowable. Very different actual velocities may give the 
ime means, and this is a source of danger to designers. 

91. Ratio of Maximum to Mean Gas Velocity. — The maximum 

iston velocity is to the mean velocity as crank-pin velocity is to 

lean piston speed or the velocity of a point on the circumference 

f a circle to the velocity of a point across the circumference, 

/hich gives 

Sf rA 

5=^ =I -S7 (137) 
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Thus for an automobile engine 6x6$ at 700 R.P.M., with valves 
2" diameter flat and -jV' ^ an d rod =4 cranks, the actual maxi- 
mum and mean may be determined. 

Here 

,S= 7 58= 2X6 * X700 , 

IJ 12 ' 



„, ^X6iX7oo , . . , . _ x 
S'- — — (sin «+| sin 2 0), 



12 
-which is a maximum at 90 giving 

;rX6frX7oo 

o — 

12 

= 1.57 5=1192. 
The mean gas velocity, as usually used, is given by the formula 

F ' =5 4 jr 758X7 - 2 - 

The maximum is 

■ 

F' = ii92X7. 2 = 1.577, 

provided this maximum occurs when valve opening and piston speed 
are both at their maximum. 

V 
Should the ratio of -^7 differ at various points of the stroke, 

there will be a variable resistance to the motion of the gases and 
possibly considerable loss for the few changes of motion per minute, 
which is only about 0.10 that of small engines, reducing gas velocity 
to 0.01, its value for the small engines. But a desire for smaller 
losses causes, in many cases, the larger ratios to be retained. It 
will be found that for these large engines 

J 3 = o.2$d (138) 

to J 4 =o.5cx/, (139) 

the smaller values being quite practicable, but the larger values 
involving less loss by too high a gas velocity. The majority of 
cases will run about 

^5=0.32(2 (140) 
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It is recommended that wherever possible A be made larger than 
this. 

92. Contracted Vein at Valve Opening. — So far only the extent 
of the opening has been considered and the velocity obtained by 
dividing the quantity of gas passing by the area of the passage. 
It is well known, from hydraulic experience chiefly, how seriously the 
effective area of an opening can be lowered from the actual. Sharp- 
edged openings will discharge only a fraction of what may pass 
round edge openings of equal areas with nicely curved approach 
and discharge surfaces. Care must be taken, then, to make 
approaches rounded, and all sharp edges should be eliminated, else 
the actual gas velocity will be higher than above calculated. Valve 
ports and passages should be so large that the gas velocity shall not 
exceed 3000 feet per minute, especially if frequent bends and 
sharp corners are necessary. Especially important is it for exhaust 
passages near the engine to have ample area and proper form, for 
immediately on lifting the valve a rapid rush of gas takes place, 
while the pressure drops to atmosphere, and if this drop be not 
complete, a back-pressure line will show on the indicator card, 
calling for a more advanced opening. Both these last two points 
have not always received from builders the consideration they merit, 
but when high economy and high mean effective pressure are desired 
they assume great importance. 

93. Valve Thickness. — When small, and even too when large and 
on the suction side, poppet-valves are flat discs with a stem attached. 
Economy of metal and elegance of design bring about an arching 
of the valve which, when the valve is large and hollow for water- 
cooling, becomes very marked, approaching a hemisphere. On 
the side where the stem is attached there is usually a small rounded 
fillet for strength, but in some cases of good design this fillet is large, 
extending by an arc of circle tangent to stem and valve face right 
to the edge of the valve. This furnishes an excellent guide for the 
gas flow, and in connection with similar reversed roundings of the 
walls makes the actual opening more effective by reducing the 
percentage of contraction in the contracted vein. Large valves are 
sometimes balanced, but this balancing serves only to reduce the 
stress on the stem of an exhaust-valve on the initial opening and 
affects not at all the load on the crown of the valve. 



t 
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The proper thickness of a valve disc can be judged most easily 
by considering the valve a uniform flat plate supported, not fixed, 
at the edges. When rounded less metal is necessary and least when 
iemispherical. Such a flat plate is a kind of beam subject to flex- 
ure and in these cases uniformly loaded. The tension of the closing 
spring increases the load, but by so small an amount compared 
with the maximum gas pressure that it may be neglected. For such 
flat plates Grashof gives 

\7Ja\ 2 P 
T^s^t-v-) "x^S formula (93) applied to a valve of diameter J; 

where T = the thickness of plate in inches; 
to =the thickness of valve disc; 
A — diameter of valve receiving unbalanced pressure; 
/ = working stress in the metal; 
P m — maximum uniform pressure pounds per square inch. 

From this 

7 



t* =0.45 J\]^f (I4l) 



Small engines have thickness 

// =0.09 J (142) 

to /„"= 0.23 J (143) 

Hence for these cases we have 

r-*sp m (144) 

to r-4P m , (145) 

showing a very wide range, the lower values being very much too 
low for strength alone, but giving a very stiff disc. In fact a valve 
that springs appreciably will not only be impossible to keep tight 
but will in time surely break. 

Taking P m at 300 and 450 lbs. the stresses become for the four 

f-o.2$P m = 7500, when P m = 300, 
= 11250, " P m =45oJ 

r- *p m = 1200, " p m = 3 oo, 

- 1800, " ^==450- 
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Guldner recommends for cam-moved valves 

r-57oo, (146) 

iut with automatically opened suction-valves, which must be ex- 
tremely light, 

^ = 11000 (147) 

Hollow valves frequently have crowns 0.40^ above the base 
arith a thickness of metal about o.oyd when properly arched. 

Solid valves may be arched by tapering off edges to 0.6 the 
renter thickness and frequently the edge is beveled or rounded. 

Just at the opening an exhaust-valve is subject to different 
>tress than before. At this time the gas pressure continues to act 
is before, while the support has changed from an edge support at 
>eat to a central one by the stem; but a valve strong enough for the 
brmer stress will be more than strong enough for the latter. 

94. Valve-faces and Valve-seats. — Valve-faces depend for their 
vidth on considerations of tightness and strength, for sufficient pres- 
lure must be exerted to keep the joint tight and yet not crush or 
>therwise injure the metal of the seat. 

The face of a flat valve is an annulus, while the active pressure- 
esisting surface is the area of face of the seat. The seat is raised 
rom surrounding metal and the valve is large enough to project 
>eyond. 

Conical valves have faces wider than the seat, the projection 
>eing upward to permit of regrinding. In this case also the effec- 
ive supporting face is that of the seat. 

__ T . , , . 1 , r ( i-i, width of seat, to ) 

Width conical valve-face = 1 lt l( tl K. (148) 

v I.5 / 

95. Seats for Flat Valves. — Let /, = width of seat in inches, P 9 - 
he desired or allowable compression on the joint in pounds per 
quare inch. 

In calculating the total load on the valve the outer circle of the 
;eat should be taken, as the inner circle will probably wear most 
ind leave the whole scat active in receiving stress from above. 
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This makes the load 

P.X- ^ pounds. 

4 

This is resisted by the compression on the ring of 



p - x L^"^~TJ pounds ' 



Hence 



or 



.'.J + lf^J^plfp-, 

v m 

Flat valves have faces varying from 

//= 0.044 (150) 

giving P # =7.2sP m , 

to /„" =0.094 (151) 

giving P,= 3.56 P m . 

With P m = 3oo, / p =o.o4J gives P v =2i75 lbs. sq. in. 
P m = 3oo,/ v = 0.09 J " P„=io68 " " " 
*«-45o,/.~o.o4i " P t =326 3 " " " 
^ = 45o,/ t = 0.09 J " P v =i6o2 - " " 

This maximum pressure, it must be remembered, lasts only a 
short time and on a poor seat may not be equally distributed, as 
here assumed. Valve-seats must be strong enough to carry this 
rim concentrated load without springing, or more particularly, 
without unequally springing. 

96. Cone-valve Seats. — The normal pressure on cone-seated 
valve-faces is greater for equal diameters and width of seat than 
for flat-seated valves, and while not strictly true, it is near enough 
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his purpose to take the normal pressure for cone-seated valves 

is 

P/=V^P r =i. 4 iP w (for45 ). 

tactice has sanctioned quite some difference in the width of a 
s-seat for cone-valves also. Small engines have cone-seats of 
is from 

/ v '" = o.o9<*, (151) 

g P =5-o2 P m , approximately, 

to /, lv =o.i 5 d, (152) 

g J?\,-3.47 P m > approximately. 

arge engines usually have smaller seats proportionally, though 

ilways. For these the width of seat will vary from 

/ v v =o.o6d . ....... (153) 

to //'=o.iod (154) 

he outside diameter of the valve is a matter of no particular 
jquence, but it should be large enough to permit of the face 
ipping the seat. 

7. Valve-stems. — Exhaust-valve stems must be strong enough to 
tie valve with the full gas pressure at release. This terminal 
ure can be computed from the pressure ratio for the fuel 
ed to atmospheric pressure for full expansions. When, how- 
ignition is late the terminal pressure may be 1.5 times as high. 
11 suffice if stems are amply strong to resist this latter, which 
ange from 

^= terminal cylinder pressure = 2. 2 atmospheres for weak fuel, 
high compression, and early ignition 

>,= terminal cylinder pressure = 6.5 atmospheres for rich fuel, 
low compression, late ignition, and full charges. 

he latter high valves are met only in spark control gasolene 
ciobile engines. For common stationary work on proper 
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ignitions, an easy figure to keep in mind is 50 lbs. per square inch; 
this of course is very indefinite. 

If the stem were free and of a length exceeding 15 diameters it 
would be treated as a column and so subject to flexure before crush- 
ing. This would give heavy stems. It is usually possible and desir- 
able to break the stem and introduce other elements of the valve- 
gear to transfer the cam motion to the valve stem so that it shall 
not act as a column. The stem is carried in a stem-bearing varying 
in length from 

Stem-bearing length = 1.4 J (155) 

to " " - 3 -5^ (156) 

This bearing guides the stem over more than half of its length 
and prevents flexure. These considerations enable stems to be 
calculated on a basis of compression chiefly. It is, moreover, desir- 
able, because of difficulty of lubrication and hence wear, to provide 
excess diameter of stem in engines, where weight is no consideration, 
to permit of re-turning and insertion of a bushing. 

The total load on the stem is, at the moment of opening the 
exhaust-valve, 

4 

Calling C the compression stress in the metal and m the stem 
diameter, 



CX 



nm 2 



4 
is the resistance. Hence 



C 



-'■(**)* 



or m-(J + 2/.^ l 



and 2{ v varies from 0.08 A to 0.18 J for flat valves. Hence 



m 



i.o&J^tt to .m=i.iSJ\j~. 
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In practice, valve-stems have diameters in small engines with no 
itended reboring of 

Wi = 0.22J C^?) 

to W2=o.28J (158) 

This gives for the four limiting cases: 

1. When /=o.o8J and m=o.22J C=24/V 

2. " /=o.i8J " m=o.22J C=2gP t 

3. " /=o.o8J " m=o.2&J C=i$P t 

4. " /=o.i8J " tn=o.28J C=i8P*. 



Approximately. 



nd when P<== 50 lbs. sq. inch the four cases give stress: 



I. 


C=i2oo lbs. 


per sq. in. 


2. 


C=i45o " 


n tt a 


3- 


c= 750 " 


tt tt <( 


4. 


C = i9oo " 


tt tt it 



These stresses are properly low, for exhaust-valve stems work 
>ry hot; large diameters also help to conduct away heat better. 

Guldner gives for stem diameter w=o.i2J-f tY' to allow for 
iboring. Practice in large stem diameters will lie between the 
mits of 

w 3 =o.22J (150) 

and *W4=c.35J, (160) 

le smaller value being amply strong, but the larger one admitting 
I inside boring for water-cooling and the removal thus of half a 
iameter and leaving for the thickness of the walls of the stem 
.09 J, approximately; in fact a stem 0.24 J will permit of similar 
iteiior boring and still be strong enough. If half diameter be bored 

le metal removed has an area '- J — 1. 131 J sq. inches. 

4 

)riginally the area was : ^ =4.52394 sq. inches,, leaving 

.3929J sq. inches, which corresponds to 

m' =0.21 A. 
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It is well to check a stem by the column formula when the bear- 
ing is not sufficient to restrain bending or the stem unusually long. 

Stems on inlet valves may be of practically any thickness con- 
sistent with overcoming fa) the inertia of the valve in opening, dur- 
ing which time the stem is in compression; (t>) the necessary ten- 
sion of the spring. The stem must also guide the valve properly 
to the scat. None of these stresses is large. If the diameter be 
made half that for exhaust stems ample strength will be secured. 

98. Valve-closure Springs. — Practically no mechanically closed 
poppet-valves are used, spring closure being the rule. The ten- 
sion of the spring must be such as will close the valve against (a) 
its inertia, and possibly also some linkage inertia, (b) stem friction, 
and possibly some link friction, and (c) gas friction, sometimes 
called windage or fluid friction. 

Helical coil springs are almost universally used because of their 
adaptability to the stem directly, and these are generally cylindrical 
helices, though a cone base is sometimes used. In these coil springs 
the stress is purely torsional. 

The first solution in a valve-spring problem determines the 
force necessary to close the valve in a given time, or the necessary 
permanent load W„ which will not change much for the lifts used, 
which arc small compared to the initial deflection necessary to pro- 
duce the axial load of W lbs. To keep spring tension from vary- 
ing much with deflection, many turns arc used, about 8 to 15 for 
cam-moved valves, against 5 or 6 for automatic valves. Similarly 
the valve gravitational weight is neglected as assistance or resistance 



; 

f 

1 

; 



in inclosurc. A valve ; 
1 T seconds. 
The acceleration is 



sighing z pounds must move through — feet 



2h 
2X7^ 

_zh_ 
.2X6x7^ 



w ' — — 

"' ,,,vfivT3 



inch second-units. 
zk 



32.2 xoxr- 193.2 xT 2 

—pounds to close the value in T seconds. 

r 



• (159) 



0.O7JM*jy- 



(1&>) 



seconds will be necessary for the closure if friction — o. 
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99. Period of Closure. — A spring should be capable of closing a 

valve in J of a stroke or J of a revolution at most, as this is a little 

less than the time from the crest of the piston-velocity curve to 

1 60 

the end of the stroke. As one revolution takes jt minutes or t; 

seconds, this time becomes 



™ 60 „ 56.25 , , V 

T "8N- '■ ^" W (l6,) 

Substituting above the necessary tension for J stroke closure 
we have 

^' = i^86^ P ° Unds ( l62) 

This subject of the part of stroke to which to limit valve-closure 
has been investigated for automatic valves on automobile engines 
by Mr. H. L. Towlc. He finds for a number of cases that this 
quantity, whose maximum value has been set at 

Time to close valve 
Time per stroke ' ^' 

varies from 



_ ,. . Time to close valve , . 

Mimmum — _— ■— =0.043 .... (163) 

^ , . Time to close valve . , . 

to Maximum -^. me per stroke =0.234, w»th . . . (164) 

Time to close valve x 

Average Time ^ stroke =0.134 (165) 

100. Spring Tension. — The spring tension per square inch of 
valve will vary from 6 to 30 oz., the mean being about 12 oz., or 
0.75 lb., for automatic- or vacuum-opened valves. Guldner recom- 
mends tensions from 0.70 to 1 lb. per sq. inch of valve, depending 
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on the speed and valve weight. For mechanically operated valves 
the tension increases and ordinarily lies between the limits of 

W/-5-5— (166) 

sad W? -v.*— (167) 



These values for the force or spring tension to close the valve in 
some predetermined fraction of the stroke should always be calcu- 
lated from the formula given and to the result a reasonable amount 
added for stem friction and windage. The result should lie within 
the empirical values given above. 

101. Spring Dimensions. — The second part of the spring-closure 
problem determines the dimensions of the spring on the data of 
tension needed to bring about appropriate closure. For this purpose 
two formulas are needed. The first gives the relation between 
compression of the coil in inches and the load to produce it, while 
the second gives the maximum safe working load, both in terms 
of the dimensions of the coil. 

Let d„, =diameter of wire in inches; 
d c = diameter of coil in inches; 
G = modulus - 1 3,000,000 for steel; 
i = compression of coil in inches; 
n -number of turns in coil; 



then 






d c 

2350c*/,,, 3 



. . (l68) 

for wire i inch diameter .... (169) 

. . (1 70) 

. • (170 



. (.7*1 
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The tension desired should be substituted in the formulas (169) 
■) (172) to first determine the safe size of wire, but this requires a 
nowledge of the coil diameter. 

Small engines use coils of quite large diameter compared with 
le valve disc, varying from 

d c =o.yJ (173) 

to d/D -1.1 J (i 74 ) 

As the size of spring wire does not differ so much with the size 
f engine, large engines have coils whose diameters range from 

<" =°. 3 J (175) 

to <//"=o.8J (i 7 6J 

The diameter of wire thus determined as safe may be used or a 
Lrger diameter, or, better still, that next larger diameter that cor- 
?sponds to some number on a standard wire-gauge scale. Having 
ic size of wire and diameter of coils with the load required, the 
umber of inches initial compression on the spring to give this value 
an be found by substituting in formula (168) if the number of turns 
eeded be known. 

For automatic vacuum- opened valves 

»/-5 (i77) 

to n/' -8 (178) 

rill be within good practice. Cam-opened valves have more turns, 
ic number lying between 

*/"-6 (179) 

nd w/ v = i5 (180) 

For convenience of computation a wire-gauge scale is given at the 
nd of the book. 

There is in this spring practice a possible and legitimately wide 
ange of dimension. The only real limitations based on the needs 
f the valve are 
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i°. A certain permanent minimum load. 

2 . No great change in the load for the valve-lift. 

The first results from using metal sufficiently thick in a coil 
a. certain diameter and giving the coil an initial compression; the 
Second from using a sufficient number of turns to the coil, whirh 
"Will vary, with the judgment of the designer, from 15 10 8 in large 
engines. Where the conditions permit, a long coil is best giving inure 
■uniform load, least permanent set, and should have a good diameter. 

102. Actual Cam-curves for Valve Opening and Theoretic cam- 
curve. — Valves arc opened by (a) the difference in pressure in the 
cylinder from atmosphere acting against the inertia and small 
spring tension of the valve, or (b) by cams and linkage systems. 
When cams are used their form is a matter of considerable 
importance. The manner in which the valve should be moved to 
secure a constancy of velocity of gases through the opening from 
the piston-speed curve has becu explained, but the actual cam curve 
is not the same as the actual piston-velocity curve. 

i°. A roller contact with the cam face must produce the motion 
of the stem desired and the cam face must be tangent to the roller 
circles when the roller centers describe the desired movements. 

2 . The cam and roller do not always actuate the valve-stem 
directly; frequently cranks, levers, tension-rods, struts, and pins 
constitute a linkage system to transfer the motion from the place 
where it is convenient to put the cam lo the place where it is desirable 
that the valve-stem should be. There is also lost motion or inten- 
tional clearance always present between cam and roller, else the valve 
might not dose. 

3 . The actual valve settings are never the same as are theoret- 
ically desirable. Valves do not open or close exactly at the end 
of the stroke, be they inlet or exhaust. 

4 . Different considerations apply to the exhaust-valve than to 
the suction-valve because the functions of the two are different. 
On release, there must be allowed a sufficiently large opening and 
free passage beyond to permit enough gas to pass to allow the ter- 
minal pressure to drop to atmosphere before the exhaust -stroke 
proper begins. If temperature and pressure did not change and 
terminal pressure were three atmospheres, practically twice as much 
gas would exhaust during that fust release period at the end of 



. 



go 



GAS-ENGINE DESIGN. 



ie expansion-stroke as during the whole following exhaust -stroke 
roper. These two exhaust periods will be called the first-period 
diaust, which is largely a part of the expansion-stroke, and second- 
eriod exhaust, which is the exhaust-stroke proper. 

These four reasons why the actual cam-curve differs from the 
iston-velocity curve affect the cam-curve in the following ways: 

Tlie first cause affects the curve form by an amount depending 
i the diameter of the roller, a zero-roller diameter having no effect 
id a large-diameter roller greatest effect. 

The second cause of difference affects merely the amplitude of 

* 

ie cam-crest -above zero-circle compared to the curve for the valve- 
em. If there were no linkage these would be equal, and they may 
ren be equal with linkage;, but where linkage causes the path of 
ie roller center and valve to be unequal, then will cam-crest be of 
ifferent height above the zero-circle than is the crest of the valve- 
ft curve above its closed position, zero-line. 

The third cause affects the form and height of the cam-curve 
:tle or not at all, but calls for differences in the points of beginning 
id ending of the curve. It determines, in short, the lag and lead 
: the valve. 

The fourth cause of variation results in a large lead for the exhaust- 
live, with a possibly quicker rise in the curve for exhaust-cams if 
teir inertia will permit. 

103. Cam-roller Effect. — Lay off the piston-speed curve for 180 on 
base (Fig. 133) similar to Fig. 130, to such a scale as will give the maxi- 




(OS* |2i>* !»»• 



Fig. 133. 



IOS* 



um ordinate yz equal to the valve-lift. Transfer this to a circular 
ise of double angles, getting thus the whole curve in 90 (Fig. 134), 
1 which excess radii are desired cam eccentricities. The ordinates 
ving the cam eccentricities are to be obtained from the valve-lift 
Iston-velocity curve by laying off aX to represent the maximum 
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cam-roller center movement desired by reason of the valve motion 
and linkage system. Draw parallels from 1/ and tf to the right, 
joining the maximum point m with ,Y and by drawing parallels 
get ordinates to proper scale, which are to be laid olT on Fig. 134. 
The radius O a should be the sum of 0-4= radius of zero-circle or 
hub of cam, and aA= radius of roller. With aA as radius and 
points b"' t c"', etc., as centers draw circles, then the cam-curve 
drawn tangent to these circles will be that accounting for the roller 




Fig. 134. 



influence, and by properly taking the scales for aX, will also account 
for motion difference in the ends of the linkage. Sliould clearance 
be desired, the radius 0.4 should be taken as much larger than 
the cam-hub as the clearance desired. It should be noted that at 
the ends of the curve the roller coincides with the cam-curve and 
here will not run smooth and hence requires a flattening. 

104. Ratio of Cain-lift to Valve-lift. — The ratio of valve move- 
ment to cam movement in practice will depend on the speed at 
which it is desired to operate on the radius of the zero-circle and 
on the lift. Call the cam movement h c and valve-Lift h, radius of 
zero-circle of cam r c , and radius of roller r r . 

In small high-speed engines the motion is usually direct and 



h c = h. 



(mY 
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in cases like this radius of zero cam-circle is frequently the same 
is that of the cam-shaft. The relation between h c and r € is usually 
ibout 

hough it may go as high as 

r/ = 2.8fe c (179) 

ind as low as 

r/'=o.8/z c (180) 

In these cases the rollers are usually of radius 

r r =o.8r c , (181) 

he limits being 

r/ = i.2r c . (182) 

md r r "-o.6r, (183) 

Medium-speed stationary engines have cam-lifts varying from 

h c '=o.$h (184) 

to h e "=i.oh (185) 

105. Zero Radius of Cams. — The cams for these stationary 
engines are of great variety so far as size goes, but with a zero 
radius of 

easy running will be assured, especially if the cam-roller have a 
corresponding radius of 

r r =o.6r e . 
Cams are occasionally used as large as 

r € iy =6.oh c (187) 
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These work exceedingly smooth, but as they increase the lever- 
urm, by which the cam-shaft lifts ihe valve by means of the cam, 
correspondingly greater stresses result Keeping the lever-arm as 
small as practicable reduces the cam zero-circle to a minimum 

■ 

The largest practicable roller will seldom exceed 
r r =o.Sr ( , 
■vvhile the sharpest allowable contact is secured by a roller of radius 



*&*• 



106. Cam-curves for Prop:r Valve-setting. — By leaving play and 
adjustments in the linkage system between the cam and valve-stem, 
a certain kind of adjustment of period is possibly. By increasing 
free play, a valve will open laler than before and close sooner, and 
vice versa, but the opening period cannot be adjusted independently 
of the closing period. This must be done by the cam form. The 
above adjustment makes one phase later and the other earlier. 
Both may be made earlier by advancing the cam with respect to 
the- driving-shaft. All these adjustments arc available to the 
erector, but the designer should work as closely as his information 
will permit without dependence on such means when forming the 
cam face curves. 

107. Valve-setting and Inlet-cams. Inlet-valves should not 
open till exhaust-valves have closed or a back-fire may result by 
opening of the connection between exhaust-pipe and mixing cham- 
ber, especially with several cylinders on the same exhaust. Ex- 
hausts close on center or slightly after cenler, hence in the latter 
case inlets open still later. 

Inlet Open*. Engine. 

About 5 after centre, large slow-speed engines, 100-250 R.P.M, 
" 3 " " medium- or slow-speed small engines. 
" 6° " " small high-speed engines, 500-800 R.P.M. 
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Suction should continue till after center has been passed, espe- 
ally in high-speed engines where the gas has considerable inertia. 

Inlet Closes. Engine. 

About io° for large slow-speed engines. 
" 4 for medium or slow-speed small engines. 
" 15 for small high-speed engines. 

To secure a retardation equal at both ends and still retain the 
irm of the roller center-line curve the same in form as the piston 
docity curve for constant admission velocity, it might seem at 
rst glance feasible to retard the whole cam, as in Fig. 135, the 




Fig. 135. 



ill line showing the original position and the dotted line the re- 
irded position. A glance will show that the valve-lifts will not 
ow be proportional to the piston speed, but on the rise opening 
ill be smaller, while on the fall larger, than before retardation 
t the same crank-angles. 

Il is more .important that the end of the curve give full opening 
ith a decrease in gas velocity, perhaps, than that the rise of the 
jrvc be exact. For this reason the result of the process, while not 
?curing the result desired, is not exactly detrimental. By making, 
owevcr, a circular crest mm' and using the old rising curve in part 
nd crossing over to the new one at the beginning, as shown by the 
otted line nn', there will result a curve with the following charac- 
;ristics: 
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fa) The proper retardation of opening aa'. 

(b) Constant velocity of admission n' to m for a valve with area 
proportional to lift. 

(c) A higher velocity of admission « to n'. 

(d) A lower than (b) velocity of admission w' to m'". 

(e) The proper lag of closure m"m'". 
To secure unequal retardation of opening and closure proceed 

to draw the falling line m'm"' by transferring the part of the curve 
from crest to closure. Draw a circular arc mm' connecting this 
crest with the original crest, and eascioff somewhere at n' to the 
point of opening wanted. If the speed be very high at the cam- 
face, or the valve- spring loo weak for the valve inertia, the rotler 
may jump clear on the falling side. In such cases this crest may 
be cased off and still secure gas velocities lower than during the 
rise, or the spring tension may be increased. 

To secure the lowest possible velocity of the gases the maximum 
J 
lift or height of crest above the zero-circle should be -, or one quarter 

of a valve diameter, neglecting the stem. Draw then Fig. 136, a curve 




rith these data (Fig. 130), and cut off the crest by a circular arc, 

whose radius is the zero-circle plus the actual allowable valve-lift dd". 

i this case from m to n gas enters with the increasing velocity and, 

neglecting gas inertia, from n to n' the velocity decreases, until at rt 

• velocity is the lowest possible for the valve diameter and piston 
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speed. The piston speed becomes zero at £", the valve continuing 
open to permit the inertia of the gases to more or less raise the pres- 
sure in the cylinder to atmosphere. It will be found advisable to 
eliminate sharp turns at m", as they add nothing to the suction, 
while it is very detrimental to the roller. 

108. Example of Inlet-cam Design. — Most valves have conical 
seats, and all linkages have clearance, while the cam-Curve is 
more often made for easy running than for constant velocity. 
The treatment of such a case with a very common form of cam 




Fig. 137. 



consisting of two flat faces and one circular arc is best made clear 
by an example. One of these ordinary inlet-valves was set with 
an opening lag of io° and closure on center and with a clearance 
of -fV inch. It has two flat faces ab and cd, with a circular con- 
necting arc be, Fig. 137. This cam-curve is intersected by radial 
lines at each 7^° of cam-shaft rotation, beginning at the point of 
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tangency of the cam-curve and cam zero-circle, 
and Liich corresponding to- 15 on the crank- 
circle. These points are numbered. The cam- 
face rises above the zero-circle for fifteen full 
parts and approximately one fifth of one part, 
which is 114 (approximately), corresponding 
to 22&° on the crank-circle. On Fig. 138 
c;ual spaces each 1 inch long and each repre- 
senting 15 of the crank rotation. The valve 
opening io° after center places the zero-point 
on O, Fig. 138, and at each 15 space the 
ordinate represents the valve-stem lift. To 
get this valve-stem lift for each crank-angle 
lay off a-A, Fig. 137, to represent the cam- 
roller radius. A BCD will then be the path 
traveled by the cam-roller center, and hence 
the valve-stem for continual contact of roller 
with cam. The lift of the valve is given 
by the distance between this and the zero- 
circle AMD. This gives curve Fig. 138, which 8 3 
shows the valve closing at D 238 on the crank- 
pin circle. A clearance of -? s inch between 
the roller and cam is indicated by moving 
the axis, Fig. 138, up this distance, as 
indicated, giving a new scale of crank-angles 
on which the valve when opened io° after 
center closes about 180 or on the out- 
cenUT. 

The angles at which the valve will have 
successively \ inch, \ inch, etc., of lift are 
found by laying off these distances above 
the clearance -line and finding the intersec- 
tion with the cam-curve, Fig. 138, at the 
points a, b, c, d, etc. 

The piston-speed curve is plotted be- 
de the cam-curve from the following data 
actual piston speeds for each crank- 
ugle: 



4 
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Crank-angle. 


True Piston Speed. 
Feet per Minute. 


Crank-angle. 


True Piston Speed. 
Peet per Minute. 


30° 

4S° 
6o° 

9o° 


.OOO 
682 
040 

III3 
1178 


120° 

135° 
150 

180 


927 
726 

495 
000 



By laying off quarter inch of valve-stem lift above the clearance- 
line, Fig. 138, the crank-angles for each quarter-inch lift and cor- 
responding piston speed can be read off by reference to the scale. 
For this case the following numerical values were found : 



Crank-angle. 


Valve-lift. 
Inches. 


Piston Speed 

per Minute. 

Feet. 


Crank-angle. 


Valve-lift. 
Inches. 


Piston Speed 

per Minute. 

Feet. 


• 25° 
34° 
41° 
48° 

55° 
6o° 

68° 

76° 

95° 


i 
i 

I 

ii 
•i 
if 

2 


584 

744 
872 
080 
1048 
1112 
1 152 
1176 
1168 


1 14 

122° 

130° 

135° 
142 

148 

156° 

165° 


2 

:i 

I 

i 

1 


1008 
908 
816 
728 
636 

528 
412 
256 



For these piston speeds and valve-lifts the valve-opening must 
be found. As the valve is conical, the lift will not give the altitude 




Fig. 189. 



of the surface of opening, nor will the mean diameter be that of the 
seat. The opening will be the surface of a truncated cone whose 
side is the least distance between valve-seat and valve-face and 
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whose mean diameter is twice the distance from the center of the 
side of cone to the center line of the valve. These distances are 
most clearly found by laying down as in Fig. 139, and are given in 
table following. By applying the piston area the gas velocity is at 

once found, for the gas velocity = piston velocity X ratio of piston 
area to valve-opening area. 



Are* Open. Gis Velucity v. 



The maximum possible opening is the area of the seat less that 
of the stem, which is 56.74-3.14 = 53.6 sq. ins., and this is very 
nearly reached with the zt-inch lift. 

If the valve-area is always proportional to the piston speed, the 
gas velocity with this valve need never exceed 13,100 feet per minute 
if the cam-curve were parallel to piston-speed curve, except perhaps 
near the dead-centers, where lag of opening and closing allows piston 
some speed with zero valve -opening. 

109. Exhiust-cams. — To permit early drop to atmosphere exhaust 
must open early, and the advance depends on the diameter of the 
valve, on freedom of passages beyond the valve, and on the speed. 
The following leads apply only to large full valve-diameters and should 
be greater for small valves. 

To dispel as completely as possible the gases; if the speed 
be high it may hold open after center, or close on center for low 
speeds. 
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Exhaust Opens. Engine. 

before center Slow-speed engines, 100 to 250 R.P.M. 

before center. Small high-speed engines, 500 to 800 R.P.M, 

Exhaust Closes. 

n center Slow speed, 100-250 R.P.M. 

after center Small high speed, 500-800 R.P.M. 

The falling of curve for any lag of valve closure can be drawn by 
ring off (Fig. 140) gtf, the retardation, and drawing a gradually 




ling curve to meet the crest of the regular piston velocity curve 
"e", etc., to g". This crest is above the zero-circle a distance 

J 
1, Fig. 140, equal to — for the lowest possible gas exit velocity, 

any distance mn, Fig. 141, equal to & = the valve-lift for some 

A 
nstant gas velocity, when this lift is less than -. 

The rapid rise and large advance on the rise are best secured 
advancing the curve of pislon velocities ai/'d' to alVtf, which 

11 give as quick a rise as is practicable, and in some cases too quick. 
The usual easements at comers give two curves, that of Fig. 140 

ving a variable velocity of gases throughout, but the least possible 

lere crossing at P and P' or running on the piston velocity curve 
J 

altitude —■ 
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Any openings beyond this curve are useful on the advance for 
quickly lowering pressures, and on the drop to account for a little 
inertia and gas friction. The curve of Fig. 141 will always be an 




Fig. 141. 

easier curve in rise and fall, and will approach more nearly to constant 
velocity of exit after the initial opening for equalization of pressure 
during the first period of exhaust. 




Fig. 142 



Applying the same method of treatment to the common form of 
exhaust-cam, consisting of tw r o flat faces and one circular connecting 
arc, shown in Fig. 142, there results the pair of curves of Fig. 143 
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These two curves are respectively the 
piston -velocity curve and the valve-stem 
motion curve. The interpretation of their 
relative positions can be easily made from 
what has already been said. 

no. Piston-heads. — Piston-heads arc 

* generally flat plates fixed at the edges and 

uniformly loaded, for which Grashof gives 



M 






.(.I 



where d=diameter in inches, which may 
be taken as the cylinder 
diameter; 
i > B1 =maximum pressure in the cylin- 
der; 
S,=working stress in the metal. 
Small engines usually have flat un- 
stayed heads of thickness varying from 



tp =0.04** . 
to t,"-o.o8d, . 



(189) 
('9°) 



with an average of o.oorf, indicating for 
maximum pressure of 300 lbs.. 

5 P = 31,400 when //— 0.0412, 
S f = 7,800 " t^'^o.o8d, 
S f = 14,400 " (/" «o.o6d, 

or for a maximum of 450 lbs. 

5 P -47,ooo when //-o.04<f ( 
S P = 2i,ooo " I," -0.0&2, 
S p -> 11,800 " t P '"-o.o6d. 
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The above stresses arc correct only on the theoretic assumption 
that the real stress is considerably less. 

Pistons over. 6" diameter should be web-stayed for stiffness, and 
preferably be arched outward or inward for a reduction of thick- 
ness, which may be o.6t p for a full arch. Webs are usually about 
o.6t p in thickness. These heads run through a great range of 
thickness, the lower limit holding, but. heads are made with very 
much less stress, as t p sometimes reaches as high a value as 

t p iy =o.ud f (191) 

involving stresses of 



and 



S p =4200 for 300 lbs. maximum pressure, 
5^=6250 " 450 lbs. 



considered as flat unstayed plates. 

The actual stresses arc less, but the increased thickness used 
in large air-cooled pistons is to compensate for the fact that the 
centers of such heads run very hot. 

Double-acting*pistons enclosing water-jackets, should have heads 
of thickness about 

/ p v =o.o7</ (192) 

if unstayed, but when properly stiffened this may be as low as 

Z/ 1 =0.034*/ (193) 

in. Piston Length. — There is a rubbing on the sides of the 
cylinder due to the side thrust of the connecting-rod when inclined 
to the cylinder axis, and the length of the piston must be such 
that the pressure on the sides shall be small enough to prevent 
this wear being excessive. 

Excessive wear results in knocking on reversal of direction of 
stress and in leakage, since the rings will not pack oval cylinders. 
The weight of the piston in horizontal cylinders will also add a side- 
bearing stress constantly downward. 
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This maximum guide pressure P g in pounds per square inch 
f piston area is given by the maximum value of 



P, = P m tan<£, 



(194) 



/here <f> = connecting- rod angle to axis; and calling the crank-angle, 

/ sin <f>=r sin 0, 



<£=sin~M-T sin 0). 



This angle <f> is a maximum when 0=90° or sin — 1; hence 



max. <£=sin My) 



(195) 



These maximum tangents of <£ are easily found by reference to 
he table. 



I 



- = 0-3333 



I 

n 

T 

4.O 
I 

45 



-=0.2857 
— 0.2500 
= 0.2222 



Tan[^(max.)]for0=yo c 

°-354 
O.297 

O.258 
O.223 



r 
/ 



5-0 
I 

5-s" 
1 

oT6 : 



= o . 2000 
0.1818 
■ o. 1666 



Tan [0( max. )] f or0 = or 



0.204 
O.184 
O.169 



112. Side Thrust from Gas Pressure and Inertia. — When the 
ngine is horizontal single-acting, the thrust directions are as follows, 
icglccting inertia: 

Expansion. Thrust downward, engine turning over. 

Compression. " upward, " " " 

Suction. 

Exhaust. " " " " " 



DIMENSIONS OF THE ENGINE PARTS. 



°S 



and 



Adding the effects of inertia, the expansion thrust will remain 
downward until somewhere the gas pressures become less than the 
inertia pressures, and this occurs, with delayed ignition, weak mix- 
tures, and in hit-and-miss-governed engines, on every miss-stroke. 
In such cases the thrust will reverse in direction. Considering 
inertia, the suction and exhaust thrusts will reverse during the stroke. 
If the compression be high compared with inertia, reversal may 
not occur during compression, but in other cases it will. 

Double-acting engines and tandem engines, especially when 
double-acting, are subject to a considerable number of possible 
variations of thrust in direction, amount, and uniformity, as can be 
seen by reference to the effective pressure diagrams given for a 
great variety of cases. The maximum thrust calculated from the 
double effects of inertia and gas pressure and adding for horizontal 
cylinders the dead weights of the parts, gives too variable a quantity 
to set down to a rule, though Guldner does so by neglecting inertia. 
He says that this is a nearly constant quantity whose average lies 
between 






P t "=.iosP m . 



This is approximately true for full-load cards, proper ignition, and 
other conditions at their best, and within narrow limits of inertia 
such as maintain for medium-sized stationary engines, but not for 
variation of indicator card from the best form, nor for excessive 
inertia of the heavy double-acting and tandem engines or the small 
very- high-speed engines used in boats or automobiles. He also 
gives the admissible normal pressure, disregarding packing-ring 
groove, as between 

P n = 18 lbs. per sq. in. (198J 

JV-« •'""■■ .... (, 99 ) 

going as low as 
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when excessive length of piston is not troublesome, as in ordinary 
stationary engines. Moss in his examination of medium-sized 
engines found the limits of 

P. 1 " -9-6, (201) 

P» ,v =4.8 (202) 

with an average of 6.9. 

The relation between these various pressures is seen from the 

following equations: 

nd 2 
Maximum force acting on piston-head = — P m pounds, 

4 

iz<P 
" " ll ll guide or between cylinder and walls = — P g . 

But P g =tan (<f> max.)P m . 

If now L p = piston length, the projected area of the rubbing sur- 

nd 2 
face receiving — P m tan (<f> max.) pounds is dxL p square inches; 

hence the normal pressure is 

nd 2 P m tan (<£ max.) 
F *~ dL P to) 

The best rule for determining piston length is to keep in mind 
the desirability of reducing P n to as low a value as possible and 
keeping it as constant in amount and direction as possible by com- 
bination of cylinders and the combination of phases in connection 
with appropriate inertia. This, in general, calls for as long a piston 
as possible. As the wrist-pin for uniformity of thrust must be near 
the center of the piston, the length will be limited by the possibility 
of the connecting-rod striking the sides of the piston. Short rods 
then demand short pistons or the expedient of moving the wrist-pin 
forward, which is worse than too short a piston when carried to 
excess. 

113. Practical Limits of Piston Length. — The average high- 
speed engine uses piston lengths L P shorter as a rule than other 
engines, the practice being from 

L P l -=i.od (204) 

to L p "=i.6d (205) 
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Stationary engines when small have lengths between 

L t "' = i.4d (206) 

and L p " = 2.^d, (207) 

while large engines again reduce the limits to 

£/-uJ (208) 

and /./' = !. 7<Z (200) 

The figures for guide-thrust given by Moss are based on a mean 
length of L t =i.$d with a maximum pressure P m ==$oo lbs., inertia 
being neglected, and may be used with these limitations. 

Double-acting piston-barrels support besides their own weight 
that of some water; to hold a proper amount of water and allow 
of the necessary guide-vanes and partitions, a length of o.bd will 
usually suffice. But two-cycle engines when double-acting must 
have a piston whose length depends on the port-opening and stroke, 
since alternately each side must uncover this port at the stroke end 
nly. When engines arc double-acting, cross-head guides take up this 
side-thrust, and as wear can be compensated by adjustment higher 
sliding pressures arc allowed, ranging from 50 to 100 lbs. per sq. in. 
This design of gas-engine cross-heads involves nothing except pro- 
vision for feeding water to piston-rods over the design of steam- 
engine cross-heads and is here omitted. 

It should be remembered that when figuring closely on projected 
area of piston sliding surface, piston-rings must be counted out. 

1 14. Piston-barrel.— Piston-barrels have a double duty to perform. 
First ihe side-thrust must be distributed over the cylinder surface 
uniformly, and fortius the barrel must have a thickness such as 
will prevent springing and so transmit from the wrist-pin boss, 
where the thrust is received, to each part its share of the load. 

Between the wrist-pin and the piston-head the barrel must be 
in compression from the gas pressure, which gas pressure must be 
transmitted to the bosses without springing of the parts; this is the 
second duty of the barrel. Inertia of the two ends of the piston causes 
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he barrel to be alternately in compression and tension; this would 
all for more metal in the barrel near the boss than at a distance, 
rhe practice is to allow a certain thickness of metal approximately 
iniform between boss and head and a thinning out from boss to 
>pen end. Where the packing grooves end, the metal is usually 
hicker than is necessary, to avoid fractures from sharp corners, 
hough in large pistons the thickening is not so marked. Metal 
>nly sufficient to resist fracture from the forces acting will make a 
)iston-barrel too light to prevent springing. 

When larger than 6 ins., pistons should be webbed to better 
listribute stress by increased stiffness. These webs should run from 
he bosses both ways, but should be especially provided between 
lead and boss and should lie in planes through the cylinder axis 
)r radiating from the boss. Where pistons are very large, over 25 
ns. diameter, metal can be economized with good effect by casting 
jornc webs in planes perpendicular to the cylinder axis, forming 
inner rings. These webs may have thickness about 0.8 that of the 
piston-head, but their thickness, height, number, and distribution are 
items depending on judgment, the guiding principle being a reduc- 
tion of weight with requisite barrel, thickness, and necessary stiff- 
ness. No sharp corners should be permitted. 

Pistons, when large enough to require elaborate web systems, 
will also require jackets for the head, which may be itself considered 
as one web of the system. 

Barrel thicknesses behind the rings are usually the same as in 
Front of the boss and about 0.6 the thickness of flat heads, though 
in very small engines it may be as low as 0.5/^. When tapered in 
front of the boss the edge should not be thinner than 0.4/,. 

1 15. Piston-rings. — Tightness about pistons is secured by cast-iron 
rings sprung into grooves for all sizes up to 30 ins., beyond which 
rings may be made in pieces pressed outward by springs. 

The diametral piston clearance in the cylinder is a matter that 
will depend on experience with each style of engine and ' will vary 
with the temperature of the piston, its wall thickness and webbing, 
and on the temperature and thickness of the cylinder walls. 

These are things that cannot be predicted, but must be deter- 
mined for every style and size of engine by trial. A good method 
is to case up all bearings, run the engine and measure the time it 
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lakes to stop with gas cut-off and no load, engine being hot for 
first run and cold for the next. 

It is certain, however, that the heads of unjackctcd pistons will 
get hotter than other parts, and a preliminary guide to ihe reduction 
of diameter toward the head is to reduce the diameter 0.003 m * f° r 
every 6 ins. of diameter, beginning at the rings and increasing toward 
the head, but not uniformly. The number of rings varies from 
three to ten, and ihey are best placed one in a groove, though KMLC 
times two in a groove are used. A clearance of about 0.001 in. is 
allowed at the sides to prevent sticking from heating and gumming 
of oil. 

A piston-ring is a beam when acting as a spring; it therefore 
has a th.ickr.css at the open end less than at the middle. Casl [roa 
in such a beam suffers considerable permanent set under load, but 
once permanently set for a given load will be almost perfectly elastic 
for all less loads. It therefore is cut larger than the cylinder and 
compressed to a diameter less than the cylinder. Il should then 
have acquired all its permanent set and act as a spring; removal may 
cause a set in the opposite direction, which is of no cODSeqtKDCfl 
provided the rings are not too often subject to this reversal <jf stress. 

Original turning diameters may be made 0.175 '»- ItTgW tfi*0 
the cylinder diameter before cutting for small rings. For medium 
sized rings 8 to 18 ins. this may be 0.25 in. and for ven !. 
Seaton, in his "Marine Engineering," recommends an iri n.nr nl 
o.oid for the original cutting diameter. The widths of the rings 
W, in practice are not usually calculated, but made some even number 
of inches for a certain range of sizes. 

It will be found that for small high-speed engines when 
13 ins.<d<6 ins., 



W r = i in. 



This is increased i 



successive sizes to 






(210) 



BV-f in (217) 



the largest engines, though rings are sometimes met with over 
1 inch wide. 
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The bridge b between rings serves merely to drag one ring along 
d may be any width, the best practice making 

b = i.oW (218) 

len rings are to be kept close b may be as low as 

V-0.5W (219) 

t never less. With plenty of room, it may be larger, but too much 
ice increases weight needlessly. The maximum is 

V'-i.sW. (220) 

weight must be increased for inertia adjustment this is one good 
ice to do it. 

The thickness t r of rings at greatest cross-section Giildner, who 
:ommends light rings, gives as 

tr'^itd+fom (221) 

A common steam-engine rule given by Kent makes 

//'=*V + iin (222) 

It makes very little difference just how this thickness varies, 
t it should not differ much from the width of ring. The propor- 
ns of many good rings can be found in any of the works on machine 
sign, the gas-engine introducing nothing new. 

Large sectional rings are best made of antifriction or white 
ital, and often the end of the piston may also be so lined if effi- 
:ntly cooled. 

116. Wrist-pin. — Single-acting engines carry the wrist-pin in the 
;ton and its size is limited accordingly. When an engine is double- 
ting, a cross-head is provided to carry the wrist-pin, which may 
2x1 be as large as desired. 

The stresses in the wrist-pin cannot be known without combin- 
y the inertia and gas-pressure diagrams, but as a guide, the stresses 
>m gas pressure alone may be used with the limitation that this 
11 set up the highest possible stress, probably at or near dead- 



DIMENSIONS OF THE ENGINE PARTS. ail 

center, except when weight of parts or speed arc such as make the 
inertia forces greater than the maximum gas pressure. This latter 
will occur only in cases of unusual inertia or in cases where inertia 
for good reasons has been increased above the norma) present 
practice. On starting when speed is low the maximum gas pres- 
sure always exceeds any after effective pressure, including inertia. 

A wrist-pin is subject to bending and must be strong enough to 
resist; it also has a tendency to heat, measured by its pressure per 
square inch of projected area and coefficient of friction. 

The temperature will be stable and constant when the rate of 
heat generation is equal to that of radiation or other means of carry- 
ing off. This friction introduces as another though negligible stress 
some torsion. 

To prevent heating of wrist-pins on large marine engines, the 
pressure is never allowed to exceed 120a lbs, per sq. in. of projected 
area. In general, pin sizes great enough for this will be ;\m\A\ 
strong. It is not possible to increase the length and ilunk.T n! 
the gas-engine wrist-pins without limit. Pins are fixed in the piston- 
boss, and the length of this boss varies from the maximum o.2$d to 
something less, boss length being sacrificed to give greater length 
on the bearing part of the pin between bosses. 

Let J^ = length of wrist-pin bearing in connecting-rod end; 
d p = diameter of wrist-pin; 
-i*^ = maximum force in pounds on the pin; 

jid 2 
F, = — X/*„ or o.ooo34IVjV-V(i + <i|), as the case mav be; 

4 
/•(.^bearing pressure per square inch of projected pin-bearing 

area; 
i' t = working stress in the metal subject lo bending; 
then will the projected area be 

F a 
l f Xd f and P b -,J (233) 

For a circular beam supported at the ends and uniformly loaded 

the following formula expresses the relation between load, fiber, 

stress, and dimensions: 

it S d 3 

Load = y-*- (224) 

4 >* 






2 GAS-ENGINE DESIGN. 

)nsidering the maximum load as due to gas pressure only, which 
not always true, this gives 

nS b d* 7Z<P ^ 
4 l P 4 - , 
lence 

^-■4^ (225) 

U P 

117. Limits in Wrist-pin Dimension. — Small engines have pins 
tween the limits : 

Minimum d p =o.i$d; (226) 

Maximum d p ' =o.2$d; (227) 

Mean d p " =0.22^ (228) 

Their bearing length is almost invariably l p =*.$d, so that 

Minimum l p d p =o.oy^d 2 \ (229) 

Maximum l p d p =0.1 2$d 2 \ (230) 

Mean l p d" =o.norf 2 (231) 

Considering gas pressure along this gives 

(1) P b = io.s and ^ = 3150, when P m =300, 

or P b =4725, when P m =450; 

(2) P b = 6.3 and P h = 1890, when P M = 300, 

or P b = 2830, when P m =450; 

(3) p b = 7- x 5 and /% = 2145, when />„ -300, 

or ^=3217, when P m =45o. 

Considering the stresses from gas pressure alone for the three cases, 

(1) 5 6 = i48, P m =44,4oo, when P m «3oo, 

or 5 = 66,600, when P m ss 45o; 

(2) S b - 32, P m = 9,600, when P m = 300, 

or S = 14,400, when P m =450; 

(3) 5 6 - 47> P m = 14,100, when P m =300, 

or 5 = 21,150, when P m =45o. 
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For the sort of load these pins receive, nothing but very fine 
material will stand the higher stresses, even supposing the maximum 
pressures given were higher than sustained. Mild-steel wrist-pins 
should not be subjected to more than 15,000 lbs. sq. in. stress or 
bending, heating, and excessive wear, if not fracture, will result. 

Medium-powered and large engines have pins of relatively larger 
diameter, the limits being 

Minimum d p '" =0.22^; (232) 

Maximum d™=o.<\$d\ . ... (233) 
Mean d p y =0.31^; .... (234) 

the lengths being about the same as for small engines, giving bear- 
ing pressures for these cases of 

Maximum P b = 7.15/^; 

Minimum P b =3S P m'> 
Mean P b = $.iP m . 

The corresponding stresses for gas pressures acting alone on 
the pin supposed a beam will be 

Maximum S=4fP m ; 

Minimum S = nP • 

nt * 

Mean S=34P m . 



A pin of diameter 



d P yi =o.^d (235) 



should make a good wearing, reasonably stiff pin that will remain 
well lubricated, especially if by using extra-heavy bosses well webbed 
the length of the bearing be increased to at least 

l p =o.6d p (236) 

118. Connecting-rods. — When ignition is early and all other con- 
ditions best the highest cylinder pressures occur at the beginning of the 
stroke. Should this not happen the highest pressures resulting will 
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rer be as great as for the former case. The thrust on the connect- 
;-rod is greater than the piston load, and if the cylinder pressure 
re always constant, the maximum thrust would occur somewhere 
er the beginning of the stroke. It is therefore necessary in steam- 
jine work to find the maximum angle of the rod to get the maxi- 
im thrust, but in gas-engine work the maximum thrust possible 
:urs at dead-center when the mixture and ignition are best and 
ight of charge greatest. The maximum possible cylinder prcs- 
e times the piston area will then give the maximum possible 
ust on the rod, when the inertia is less than this. Hence to get 
: real maximum thrust, inertia and gas pressure must be known 
the beginning of the stroke. 

The rod is a column, as its length is always great enough to cause 
o fail by bending rather than by crushing when under compression, 
ds for single-acting cylinders are always in compression with 
pect to gas pressures, but in tension for inertia at certain parts 
the stroke. When double-acting and tandem cylinders act 
ough one rod the different parts of the rod are alternately in 
sion and compression for gas-pressure stress. Inertia of the rod 
ilf introduces bending stresses in the rod which it must resist as 
>eam. 

Thus a connecting-rod must suffer compression, flexure, ten- 
n, and must be strong enough to resist all of these. The maximum 
assures in gas-engine cylinders when slow-speed and the high 
rtia for even the small high-speed types call for rods large enough 
be able to resist the bending due to rod inertia generally. But 
en careful design for minimum weight is needed the complete 
ilysis should be made. 

There is nothing except the determination of the maximum 
ust and tension and their possible dependence on initial inertia, 
her than gas pressure, in the design of gas-engine rods over what 
5 long been practiced for steam-engine rods. This will probably 
ect the constants of those formulas, so this point will be examined. 
For steam-engine rods, formulas for the diameter at the middle 
vc been used in two forms, one giving the rod as a function of 
aare root of cylinder diameter, rod length l n and fourth root of 
; pressure 

ir-aSdls/PJ (237) 
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Whitham's, Marks's, and Thurston's formulas are of this form, 
but Thurston found it advisable to add a term dependent on speed. 

In this formula P J is the maximum pressure at the piston at 
the beginning of the stroke, whether due to inertia of reciprocating 
parts or to gas pressure. The other form of formula drops the 
length term and becomes Sennett's form, 

d-b4\'Pj, (238) 

in which the value of d r is given for long and for short rods differently. 
We have then 

d r =a/^vTj + C r -. (239) 

or dr=b,d\/PJ, . . . (240) 

in which 

a r = 0.02 72, C r = o ( Whitham) ; 

/ 

^ = 0.02758, C r =o if d r < — by his other form (Marks); 

24 

a r = o.i5, C r =o.5" for fast engines (Thurston); 

a r = o.o8, C r =o.75" for slow engines (Thurston); 

£ r = o.oi8i8 (Sennet); 

/ 
t r =o.oi79, when d r > — (Marks); 

24 

t r = 0.0229 for short-stroke engines (Seaton); 

^=0.0241 for long-stroke engines (Seaton); 

6 r =o.o2i as an average of the above (Kent). 

The above is for round rods. When rectangular, of thickness t 
and depth d } and substituting / for d r in above, 

(^=0.0209, C P =o.47 (Thurston), 

the depth d at crank is 2 \t and at cross-head i§/. 

119. Limiting Dimensions for Connecting-rods. — Small round 
rods for automobile-engines usually have mid-section diameters 
between 

d r =o.oud\/P m ' (241) 

and d r =o.oi4d\/PJ f (242) 
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ind these are for lengths varying from n to 14 diameters. This 
nakes a rod lighter than results from any of the steam-engine formulas. 
Sas pressures seldom exceed 250 lbs. per square inch in these 
engines. 

Plain rectangular rods are more common than round ones in 
hese engines, and for these the average thickness is 

t r =o.oo&dVPJ (243) 

for rods varying from 15 to 25 thicknesses in length. The width 
it the crank end is usually 2.3/ and at the piston end i.6/ r . Some- 
:imes an I-beam section is used — in which case the breadth of the 
:op flange is 1.3/, for a flat rod, while the channel cuts away 
ipproximately one fourth of the thickness on each side. 

Medium-powered stationary engines with piston 6" to 15" use 
rods between the limits of 



d r =o.o2$VdWPJ 



and d/ = 0.03 1 Vdl r \/P m ' . 



(244) 



for rods varying in length from 12 to 20 diameters, showing a fair 
accord with steam practice as represented by the Whitham and 
Marks formulas. 

Very large engines have rods based on these formulas almost 
without exception and are generally round in section. 

Piston-rods, stuffing-boxes, and cross-heads are designed pre- 
:isely as for steam-engines, the only variation being in the deter- 
mination of the maximum stresses by the effece of combining inertia 
ind gas-pressure curves for the proper weights, speeds, combination 
}f cylinders, and phases of the cycle. 

120. Crank-shafts, Pins, and Cranks. — Gas-engine cranks, shafts, 
ind pins, while designed by the same general method as are the 
parts of the steam-engines, will have different proportions expressed 
in terms of power output because of the greater variety of stresses 
net with. The maximum stress for a single-throw crank-shaft varies 
Tiore and more irregularly from the mean with conditions, than 
iocs the same relation for steam, while for multiple-throw shafts 
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the variation of the relation and extent of the maximum does not 
vary with the number of cranks at all like the similar cases with 
steam. The reason is to be found in the greater variety of phases 
per cycle, and the phase relations in combining cylinders, and the 
greater number of different cylinder combinations practiced. It is 
not necessary to investigate the variations of stress with load ignition 
and other similar conditions for the design of crank-shafts, but 
variations due to multiplying cranks, when acted on by full-load 
gas pressures and by the various inertia stresses for the maximum 
speeds and weights of reciprocating parts, must be taken into con- 
sideration. The resulting crank-shaft system may especially, when 
of multiple- throw, seem out of all proportion to similarly numbered 
steam crank -shafts. 

Power-cylinders of gas-engines nearly always act on center 
cranks, though occasionally overhung cranks are used to drive the 
suction-cylinders for two-cycle engines. Shafts with pins and crank- 
arm are usually made in one piece, but the stresses in the various 
parts are different in intensity and nature. 

Forces transmitted through the connecting-rod arc due to the 
combined action of gas pressure and inertia of reciprocating parts, 
and have the effects of bending the crank-pin which resists as a 
simple beam, bending the crank resisting as a cantilever beam, and 
bending and twisting the crank-shaft. Of course there are various 
shears, but need not be separately considered. With two or more 
cranks the twisting of the shaft due to the connecting-rod forces 
on the forward crank-pin, is transmitted through the forward crank- 
arm of the after crank to forward end of the after crank-pin, 
causing another bending force and moment on the after crank-pin. 
Dead loads, such as the weight of fly-wheels, dynamo-armatures, 
belt-pulls, and pulley-weights, all act on the shaft to bend it, and con- 

tstitute another set of active forces that must be resisted. 
A complete discussion of all the forces excepting the last set acting 
on a crank-shaft, and the complete process in detail leading to the 
design of such a shaft, is given by Prof. Dunkerly in a paper before 
the Institution of Naval Architects of Great Britain, and may be 
referred to with profit; it is reprinted April 4 and n, 1902, in London 
Engineering. Professor Kline, in the "High-speed Steam-engine," 
gives a simple, graphic method for determination of the stresses and 
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their resultant moments. For the purposes of this work the method 
will be merely outlined. 

121. Maximum Twisting Moment. — Consider first the shaft to 
resist the twisting effort. The maximum twisting moment on the 
shaft is given by the pressures on the turning-effort diagram. This 
must be constructed, since, when gas pressures are a maximum, 
inertia has the greatest effect in reducing the effective force, and at 
this time the moment arm is zero. When, by rotation, the arm 
increases, the effective pressures may increase or decrease, depend- 
ing on the inertia, and assuming always full-load indicator cards, so 
that prediction of maximum moment is difficult. 

For approximate work the results of measurements on other 
turning-effort diagrams may be used; these results give the ratio 
R m of maximum turning moment to mean turning moment, and of 
course the mean turning moment is easily found from the indicated 
horse-power of the engine. 

Let Mi ^mcan turning moment in inch-pounds; 

ilf,«maximum" " " 

M t maximum turning force ^ 
m Mi mean turning force ' * ** 

then mean turning moment in foot-pounds is 



LH.P.X 33000 ., r 
2-rN Xr ' 

,., I.H.P.X 33000 . , _ , , x 

Mi -jTf X 1 2 inch-pounds. • . (246) 

I.H.P. . . . 

=63025 — j^j - inch-pounds. 

2^-63025 ^— R m . (247) 



An examination of turning-effort diagrams with different inertia 
conditions and cylinder combinations has given the following values 
for R m , which are true only for the conditions given, but may be 
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approximately true for nearly similar cases. The principal ooodl 
lions arc: 

(a) Cylinder combination to produce a certain angle between 
phases and cranks. 

A complete cycle is completed in 7io°of crank movement I Inner 
if expansion begins in number two cylinder 120 of crank -angle after 
it begins in number one cylinder, the phase di0crcncc is 1 ao°. 

(6) The original form of indicator card, which, of course, is always 
taken for full load. 

(c) The inertia, which is measured by four quantities, -V, , r, mul 

r II' 

-. ; but as two of these enter as factors of a product N 2 — , this product 

Is best given as the determining condition; or to be more e<<ni|i1ete, 

W 
the factor r may be properly included in 1!; 

This quantity maybe the same for many engines, bill Rhnj 
the same inertia forces for the reciprocating parts. 

It should be noted that beginning with low inertia the ratio 
R m decreases with increase of inertia because this lowers effective 
pressure for the first half stroke, while a high inertia approaching 
the initial gas pressure so raises terminal effective pressure as to 
increase the ratio. With inertias greater than the gas pressure the 
numerator of the fraction would be clue to this alone. For a single- 
cylinder engine the mean turning effort is constant for full load and 
changes in the R m arc due to changes of the maximum only. This 
mean increases directly with the number of cylinders, while the maxi- 
mum varies a little both ways. 

Reciprocating parts may be combined in seta to reduce the result- 
ant inertia forces that, where present, often so distort the turning- 
efTort diagram as to give erratic R„ values. For two-cycle engines 
approximate values can be obtained by multiplying R m for four- 
cycle by 1.7. This presupposes a reduced indicator card of 0.6, 
the mean pressure. 

122. Shaft to Resist Twisting Only. — The resisting moment of 
a shaft subject to torsion only is 



GAS-ENGINE DESIGN. 



e e o e e 

Q O O <t O O 

<6 * 00 4 « O 

f) M M M M Ot 



8 8 8 8 8 

C C C C C 

E e e k E 

o c O V U 

** m* 3 J 83 J« te « 

$•* «.* «.* &.* £.* 

«3*9*93S*9 



c 

•a 
c 

o 



V 

cj 

a 



8- 



•&S 



o 





e 


fj 






•a 


cj 


cj 


fi 


•o 


c 
u 


C 


c 


4» 

c 


* 


8 


o 

O 




X 

• #"* 

03 


■6 

w 



og^P 



sjs c.5*.2P 




• • • 





c 



'8 


»; maxi- 
ls above 


<-> 






Ep| 














t 


C 


c 


.» 




c 


* c £ 












•0 


&r 




t— 1 
V) 







P.E*; 

g 3 (3 

si 2 
*3s 












5 


E 

6 


•— 


o 
t 


d 


• • 

o o 


■M 


1^ 




• 






rt 




CJ 




.S> 


•0*0 




•- E rt** 


••* 










o 

•5 

c 

»— t 


u 

rt 


f. c 


8t? 

*8 




"J5 : : 


alii 

c «"■ x S 

3 c ** 


bo 


• • 


• • 






a: 


• « « « 




in 


5. 




E 3 
5^ 




E- - 

rt" 


•5 2 0-g 








o 

E 

rt 




6 M fc-i 

3 rt C o . 

P P 3 = * 
C fc to C *J 








6 o 


tr> \r\ o 


WVIM 


m • 


: i 


s : 


O. 




•a o £ S. rt 


« 








io O 


»H X •< 


M cc *■• 


« • 


w»- 


• « • • 


ScfeES 










M 


CI 


M 












S~*< 


























**? 


























•>•*: Si 
•f .2 S *^| 










O 


O O 


O o 


»^ 






O 




TO 










O o 
1^ «f «t 


o o o 

ir. « 
t^ «t «f 


oc 

o 

9 

M • 








• • • • 

• • m • 


C £ Z. « £. 










t* * 


rco 


«*■. o o 


>o 






c« 




•-H £ yj3 <, 


>o 








►- e* 


W 1/) 


ct cr. 








M 




0«- 


























-o 












































ui 






«o 


S 


o 








« ^f 


O "t'O 


O « O 


W) V) 


r» m 


O ft 


VINOOhmD) 


* 











O- 1^ 


o>c » 




•* «^ 


M fl 


M M 


•O «*> M «>l « M 


a 

M 


























(A 

<5 








M 




1-4 
>-4 


M 

M 




a 






> 



DIMENSIONS OF THE ENGINE PARTS. 



221 



c8 



c 

e 

o 

•a 

c 

rt 

M 












C fe 3 
£ ~ O " 



g S S 

« ^— ^ ^- ^^^^ ^^"^^"^^^^^^^^ ^^"^^"^^^^^^^^ ^""^"^^^™^^^ 

fchcfiW HHbbcHU hpfcfccBa HHhbcoU hPfafcwW HpfafaffiW 



c3 

IT. 

B 



3: 



cB 



c8 

2: 
B 



3 



0) 



o 

J* • 9 m 



v». 






o 

CI' 



«n. 



00- 



o 

•r 



o 

^5 « « « « « 
VI 


O 

o 

m 

j^« - • * - 


o 
o 

^« • • • • 

o 

n 




o 

°. . - . . 

^. . m . m 
O 


O 

o 

!„. .... 


O 
O 

« 

O 

n 


8 

^f>« • • • • 

o 
Ift 




vi moo 9<on 


« O hsoioio 


O hNMwn 


w» in 

in>0 r>» h <0 *t 


««o MOO w» 


Otno o moo 


** f> •*» « M M 


*fr »»1 M M M M 


■*«*>«•> M M M 


00 «*>«■» M « M 


^ P} M CI M M 


<o moil m m 


eovtn « *m 

M M 

















X 



X 



222 GAS-ENGINE DESIGN. 

where d, = diameter of shaft in inches; , 
5,= shearing stress in metal. 

Equating this to maximum twisting moment and solving for J„ 



, 3 J5~i ^ IH.R 
d *=\y X63025— jf-R 



m 



I I.H.P. II.H.P. 

s J32i42j—^ r R m ^C sS j—^-R m . . . 



(248) 



For steel shafts S should not exceed 12,000 lbs. This is the 
shaft diameter that will transmit the power developed if the 
shaft is subject to no bending. Shafts are always subjected to 
bending from their own weight, from belt-pulls and fly-wheel 
lights and from crank-pin forces. This bending is always accom- 
panied by twisting, and the shaft must be strong enough to resist 
both stresses acting together, and when so built will be strong enough 
to resist all shears as well. This is done by finding a shaft diameter 
that will resist a moment of applied stresses equal to the combined 
turning and bending moments. 

123. Maximum Bending and Twisting Moment. — Let J/ 6 « max- 
imum bending moment; M 9 = equivalent twisting moment; 

then 



M,-M h WM*+M t *\ (249) 

and for this the shaft must have a diameter in inches, when moments 
arc in inch-pounds, of 



h^sj'fM, 



s _ r inches (250) 

If bending of the shaft between journals, due to load at the crank- 
pin, be imagined applied uniformly to a continuous shaft /, inches 
between journals, the maximum bending moment is 

Maximum applied force Xl s . . , , 

M b = g inch-pounds. . (251) 
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This is only one of many possible assumptions on the constrain- 
ing action of a journal, but it is common and simple and seems to 
work well in practice. The maximum applied force is that maxi- 
mum force acting on the wrist-pin and may be due to inertia alone 
in the idle strokes when inertia is higher than gas pressure, or may 
be due to gas pressure alone when an engine is starting and inertia 
is zero, or may finally be due to the combination of gas and inertia 
pressures acting on the piston. 

Gas and inertia pressures are additive only at the end of a work- 
ing-stroke, where terminal gas pressure is added to the lower value 
of the out dead-centre inertia. Should inertia so increase as to 
make this sum equal to or greater than the initial gas pressure, the 
in centre inertia will be greater still for the suction- and exhaust- 
strokes, so that it will be found that the maximum pressure acting 
is either initial gas pressure or in center inertia, as the case may be. 
Inertia pressures exceed gas pressures at inner dead-center only 
for extraordinarily high speeds or heavy parts with long strokes, 
which is not found in ordinary gas-engines. 

This may be calculated for a given case, but may be taken for 
medium- powered, medium-speed engines at 300 lbs. per sq. inch. 
For small high-speed automobile engines 250 lbs. and increased 
to 450 lbs. as a maximum limit for the largest engines on rich fuel 
and with the high compression permitted by water-cooled pistons 
and valves if the speeds do not exceed 250 R.P.M. Whatever it 
may prove to be, call this maximum pressure at the wrist-pin P' m 
lbs. per sq. inch, then 



'^"T Xi) - X K < 2 5*> 



Putting length between bearing to cylinder diameter ~j=&. M b 

can be found. 

This b will average for any number of cylinders up to four on 
one crank the value 6 = 1.3. For the average value of b given, the 
bending moment is 

M b = o.i2%P' m <P. ....... (252) 
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The expression for twisting moment and equivalent moments 
can be similarly expressed as a function of the cube of the cylinder 
diameter: 

r> ,,-, « 6X33000 1.H.P. , v 

Mt-RJ£{-R m —& Jr . . . . (253) 

Expressing indicated horse-power in terms of cylinder diam- 
eter d, in number of single-acting 4-cycle cylinders 3, and the 
stroke in inches /: 

tz<PxI*xIxMt) _ xdtPlNj) 
4X33000X12X2 4X12X2X33000' 



hence 



d?PIi) 
M t = — 7- R m inch-pounds (254) 



Strokes are always kept within narrow limits in their relation 
to cylinder diameter. Put the ratio 



2=*> ( 2 55) 



then 



w <PPXT) n 

M < = ~Y6 R n> (256) 



Hence for twisting stresses only 



„ U.i Pxr)R m 

To account for bending as well* as twisting, instead of M t the 
moment M g is to be substituted on the M t moment multiplied 
by the ratio 

M t M t + y\M,) +I - 
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From the above 

Mj, KtFPjb 16 nP'Jt 

M t " $2 X d*Px^R m "2Px^R m t 



whence 



M,~2PxyR m 



This gives for the shaft diameter, to resist bend and twist due 
to live loads at crank-pins and received from the connecting-rod 



¥ <\*P*$J +*- ■ ■ ' (a58) 

neter, to resist bend and twist due 
received from the connecting-rod 

It will be well to repeat the meaning of the symbols: 

d = cylinrlcr diameter in inches. 

5,=maximum allowable metal stress = i2,ooo lbs. for steel. 
/' = mean effective pressure in the cylinder. 
*■= ratio of stroke and diameter of cylinder. 
9=number of four-cycle single-acting cylinders contributing to 

the stress of the shaft. 
R m = ratio of maximum to mean turning force. 
&=ratio of length between journals to cylinder diameter = length 

of crank-pin plus twice the thickness of crank-arm to cylinder 

diameter. 

Though there is such a great variety of cases, each with its own 
particular value for the above expression as to make a mean value 
Impossible or worthless, it is possible to state within what limits 

the ratio -4 does lie in the engines already built. This knowledge 

will serve as a check on the computation by the formula. 

One significant fact is to be noted : the product yR m will be nearly 
constant for any number of cylinders up to four and will vary but 
little for any number up to eight, all supposed four-cycle single- 
acting. 
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Empirical expressions for shaft diameters will also give a fair 
ea of practice in the use of factors of safety. 

124. Limits of Shaft Diameters. — Small single-cylinder high-speed 
itomobile engines have shaft diameters between the limits 

d/=o.2ii (260) 

and <//' =0.34*7, (261) 

1th a mean of d/"=*o.y>d. (262) 

These engines carry rather light fly-wheels, but with the heavier 
-wheels and lower inertia of the larger medium-powered stationary 
gines the ratio of diameters does not depart much from these 
aits, as will be seen from the following for this class: 

Minimum d s iy = o.2&d; (263) 

Maximum d s y ^0.426; (264) 

Mean d s yi = 0.346. ..... (265) 

Large engines in which the impulses of not more than four 
igle-acting four-cycle cylinders, two four-cycle double-acting cyl- 
iers, two single-acting two-cycle cylinders or one double-acting 
o-cycle cylinder are transmitted through one shaft and carrying 
* usual fly-wheels will have diameters between the limits 

d 5 wu =o.4od (266) 

and d ym = o.$od (267) 

Practically the same limits exist for less cylinders, always sup- 
sing no two to work in phase. 

Heavy belt loads, fly-wheels, or dynamo armatures are best carried 
tween one main journal and an outboard bearing, which does 
t throw any of the bend on the crank-shaft proper and permits 
1 use of the simpler formulas for equivalent moments for this 
aft, while the thickening of the shaft where the dead weight comes 
luces the deflection. 
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All the dead loads must be resolved into a resultant, and if they 
are in one plane the resultant is found by the parallelogram of forces. 

The thickness of the shaft at the place where the concentrated 
resultant rests will be determined by the allowable deflection rather 
than by strength considerations. 

For such work a convenient formula is that of Mr. W. H. Booth, 
given in "American Machinist": 



-IS 



(268) 



di'" = diameter at the load; 
Wu,=load in tons of 2240 lbs.; 
D/= distance in feet to center of journals. 



This will give a deflection of 



, P w Xdf . , 



(269) 



P m = hnd in pounds; 
4,-= span in inches; 

E = modulus of elasticity = 30,000,000 for steel; 
/ = moment of inertia = 0.049 1 W) 4 - 

Any deflection gives a slope to the axis, and this slope or tangent 
of angle of deflection is 



■jod/ 



070) 



124. Main Bearings. — All forces acting on the crank-pin cause 
reaction on the bearings and produce between the shaft and bearing 
a variable pressure. To keep oil from squeezing out the maximum 
pressure should not exceed a certain amount, nor should the mean 
exceed a certain amount. If the mean pressure is low a sudden rise 
to quite a considerable maximum is not harmful. Vertical engines 
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;ually have shorter bearings between cylinders than at the ends 
the crank-shaft. These bearings are equidistant from the center- 
le of the rod. In cases like this the length of the inner bearing 
made about equal to the shaft diameter, while the outside bear- 
gs are about two or two and one-half shaft diameters in length. 
Let Zy=the sum of the length of two adjacent journals carrying 
load from one cylinder; 
P/ = maximum journal pressure on projected area; 
P, = mean journal pressure on projected area; 
j)= number of single-acting four-cycle cylinders acting on 
one pair of journals; 
P m ' = maximum cylinder pressure; 
P=meg l n cylinder pressure for each working-stroke; 

P 

ten — = " " " " cycle of one cylinder; 



4 
VP 



a a it an 



" j) cylinders. 



4 4 



d 2 
or Pj = o.og8T)PjY (271) 

125. Journal-pressure Limits. — For large multicylinder and 
ouble-acting engines the mean journal pressure will run from 

P/ = o. 3 P (272) 

to P/' = o.$P lbs. sq. in (273) 

Medium-powered single-cylinder engines are subject to lower 
lean pressure for the cycle, though a little higher for the one 
working-stroke, the limits being 

P/" = O.I 3 P ( 274 ) 

and P/ v =o.i6P, (275) 
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while for automobile engines about the same average maintains : 

P/-o.i;P (276) 

Maximum pressures are sometimes quite high: 



-XP'-P/ljd, 
4 

■ ■ */—.rj-°- 






• (=77) 



These maxima lie between 



I-20iV 



0.65 P m ' 

l6$Pm 



Automobile engine 
Stationary- medium size. 



The average for large engines will be about i.2*,PJ. It should 
be remembered these maxima P m ' arc different, depending on condi- 
tions given before, and that ordinarily they exist for only a short 
time for single cylinders, the period increasing on increase of num- 
ber of cyiindi-rs. 

126. Crank-pins. — A crank-pin is a beam and may receive two 
principal loads, each causing a bending stress. First, the after crank- 
pin or that nearest the load receiving the stress from a crank farther 
away will be subject to a bend from a force applied at the end farther 
from the load whose maximum amount is the maximum rod-thrust 
or pull. Secondly, it receives uniformly over its length the force due 
to its own rods, maximum thrust or pull. Steam-engines when 
multiple-cytindcred usually have the work equally divided and 
applied at all cranks simultaneously, In such cases the transmitted 
bending force will be A, I, etc, according to the number of cylin- 
ders times the total turning force shown by the combined turning- 
effort diagram. Four-cycle gas-engines work one stroke in four; 
hence, so far as the gas-pressure forces arc concerned, when cranks 
are parallel or at 180 or 360 the maximum force t ran smi tied to 
[he forward end of the after crank-pin will be simply the maxi- 
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urn turning force due to one cylinder, which is the same as that 
r any number of cylinders on separate cranks up to four. The 
,me is true for two-cycle cylinders, with cranks at 180 , up to two 

number. This does not, however, apply to turning effort due to 
ertia forces, which also affect turning efforts. The resultant 
ertia forces for all forward cranks together will be transmitted 

the end of the after crank-pin. 

A two-cylinder four-cycle engine with two cranks will give to 
e end of the forward crank a maximum force equal to the maxi- 
um turning force for one cylinder; similarly for three cylinders and 
ree cranks the after pin receives at its. forward end the maximum 
rning force for two cylinders. The ratio R m of maximum turning 
rce for 19 — i cylinders to the mean turning force for (17 — 1) cylin- 

jrs is given for various cases. Dividing this by __ gives the ratio 

maximum for (i? = i) to the mean for y cylinders, call the result 
J. Then the maximum force F cP acting on the forward end 
the after crank-pin is 

^=63,025-^^*,/, (278) 

here I.H.P. is the indicated horse-power for n cylinders. 
The bending moment for this force is 

B cP =F cf j cp (279) 

ch-pounds, when l cP = length of crank-pin in inches. 

Uniformly distributed over the pin is a force whose maximum is 
•obably the maximum effective piston pressure for one cylinder 
J times the piston area, and the bending moment for this is 



B 



cp 



=i(^JVx/cp) (280) 



These two forces arc not a maximum at one time, nor do they 
:t along the same lines nor produce bending in the same plane. 
he worst case that could occur, however, or rather a worse 
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than could ever occur, would be to have them act together to pro- 
duce additive effects. For added moments the diameter of pin 
necessary' would be given by 

5.1 -\ 6 3° 2 5 rN K ~ + 32 /'" 



Hence 



i, = s|fc(63o a5 I f Ar P J t .' + ^--)fe,. . (.8,) 



*J t p\ 



_d NlVxi6" + 32 dJS~- 



(282) 



Gas-engine practice sanctions pins in which the ratio of length 
to diameter is as follows: 



*cp length of crank -pin 
d cp diameter of crank-pin 


Maximum. 
i-7 


Minimum. 
0.90 


Mean. 

1.4 



Diameters calculated by the above should lie between the fol- 
lowing limits for strength: 





d c p — diameter of crank-pin. 




Maximum. 


Minimum. 


Mean. 


Engine. 


d cp ~o.2od 


d ep -o.#d 


^p-0.31^ 


Automobile 


* c p-°'3 ld 


d cp"°^ d 


d cp -o.4od 


Medium stationary 


*cp~°-35«* 


d cp~°S2d 


d cp -o.47d 


Large stationary 
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Strength is not the only question of importance: sufficient pro- 
ted surface for proper lubrication under the maximum pressures 
necessary on the assumption of equal distribution of stresses 
*r the surface. 
Let P c p= maximum pressure on crank-pin projected area; 



nd? 



m 



m 



Jr c*i — 



cp Uxd 



cp 



v cp 



= o MiJk-) p ~- - - • (283) 



The values of this ratio practised are given below and are purely 
ipirical, hence are not to be considered as limiting future designs. 









Maximum . 


Minimum. 


Mean. 


IO.O 


4.0 


5-5 


5-5 


3-i 


4.0 



Most formulas for crank-pins to prevent overheating depend 
an assumed coefficient of friction with a mean journal pressure 
pending on I.H.P. and velocity of rubbing surface, but as experi- 
ce permits the former empirical treatment it seems safer. It 
Duld be noted in adjusting the crank-pin surface that length is 
)re effective than diameter in cooling, and of two pins otherwise 
ual in all respects, including projected areas, the longer will run 
3lcr, though weaker for the same applied forces. 
127. Cranks. — Cranks are cantilever beams with moment arm r, 
thickness t c parallel to shaft and width w c parallel to the plane of 
ation, are always rectangular in section and, except in very large 
es, of uniform cross-section. The minimum width may be arbi- 
.rily fixed, so as to take up shaft end-thrust and prevent side 
iy of the crank-shaft, as 

w c f =d s + y for smallest engines, . . . (284) 
w e " =d s + 2" for largest engines. . ... (285) 
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In small and medium engines the width will lie between 

i.3d s <w e <i.?d„ 

while in large engines this ratio of width to shaft diameter is as 
low as i.i. 

When power generated in several cylinders is simultaneously 
applied to several cranks and transmitted through the last or after 
arm to the driven shaft, this last arm receives a force at the crank 
radius whose maximum is the maximum turning force for all cyl- 
inders. This force is not necessarily greater than for one cylinder, 
as has been pointed out, and as its moment is the turning moment, 
the ratios of maximum to mean turning moment given can be used 
to find the maximum moment on the crank. This gives by equating 
moments of resistance to moments of load, in inch-pounds, 

I.H.P.^ t c w?S e 
63025 ~^r R ~ = ^±-> (286) 

or 



33oooX6 PxlXnd*i) R m J c w?S e 
tz 2124X33000 6 



for 7j cylinders, single-acting four-cycle, or 

P!d*lR m J e w*S wjtJS, 
16 6 6 ' 

if a,~=area of cross-section of crank- arm. 
This gives 



9 



3 P ldh,R u 



or 



3 Pldi)R m d 
'-*»'— Sv' (288) 
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d 
ie ratio — lies between 0.35 and 0.55 for automobile engines 

four cranks, the larger value being somewhat the better- For 
m-powered engines it will lie between 0.40 and 0.60, with the 
je for these as well as for large engines at 0.55. The resulting 
less t c can be given as a function chiefly of the width for an 
) of a given size and class and when calculated will lie between 

// = 0.2720, (289) 

and /," = 0.452*/,, (290) 

m average of t = o.$w c for automobile engines with four-cycle 
ers up to four and out of phase. For larger engines the limits 
tcrease through 



/" -0.5010, (291) 

edium-powered engines to 

l c lv = o.6ow e (292) 

e very large sizes. 

B. Fly-wheels. — Single-cylinder gas-engines cannot complete 
pcle without fly-wheels or other equivalent rotating parts; 
ylindcr engines with working impulse every stroke may be 
3 continue work without them. Thus the first function of the 
eel in a gas-engine is to enable a complete cycle to be carried 
There is another function more difficult for the designer to 
i.e., the maintenance of angular velocity within prescribed 
of variation throughout the cycle. The total revolutions 
inute will be kept constant by a governor which really adjusts 
mn effort to the mean resistance over periods of time greater 
that for one revolution. Should the actual turning force 
ntarily increase above the mean resistance, which, neglecting 
is equal to mean turning force, the angular velocity would 
ntarily increase, but should the mass rotating be large, the 
ir-velocity increase would be small. 
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Change in angular velocity will depend, first, on the difference 
between actual tangential driving force and the mean; secondly, 
on the mass and velocity of the revolving parts, and lastly on the 
length of time the difference in forces continues. It is possible to 
control these effects in a new engine, as the first and third depend 
on the uniformity or lack of uniformity of turning effort, which may 
be made most uniform by properly adjusting inertia and combining 
cylinders, crank-angles, and cyclic phases. The second factor in the 

» angular -velocity variation is the mass and effective radius of the 
rotating parts, which may be imagined concentrated in a fly-wheel 
rim and which rim may be of any size at all, within, of course, certain 
limits. 

In the computation for the weight of rotating parts to limit 
angular variation it is customary to neglect everything but the rim 
of the fly-wheel and to concentrate there sufficient metal for the 
purpose. Anything more, such as cranks, counterweights, hubs, 
spokes, etc., will exert a helpful effect on steadiness and compen- 
sate for errors made in the less exact part of the computation; i.e., 
that which gives the amount of the variation of turning work above 
or below the mean in foot-pounds. 

iag. Weight of Rim for Limiting Velocity Change. — It 
possible to exactly calculate the weight of rim necessary to limit 
change of angular velocity to any desired amount when the difference 
between the actual energy received in a fraction of a cycle bears a 
known relation to the mean energy fur the whole cycle. This is a 
problem of pure mechanics- 
Let Ki= maximum velocity of rim in feet per second; 
LV% - minimum " " " " " " " 
V =mcan " " " " " " " 

■Wi = maximum angular velocity of rim in radius per second; 
181— minimum " " " " " " " " 

M. 
6E 



. . W pounds 

M - mass of n m = ; 

S 
iJS=greatcst amount of energy received or lost by the rim 
in foot-pounds per cycle above the mean, or = greatest 
area of crank-effort curve above or below the mean to 
the proper scale to give foot-pounds; 
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V\ — V2 greatest velocity change in rim W\ —W2 



K 



V mean velocity of rim w 

—coefficient of speed variation allowable or the coefficient 
of unsteadiness; 
J = moment of inertia of rim; 



hen 



JE=E 1 -E 2 = ] f(V 1 *-V2 2 ) ^(V l + V 2 )(V l -V 2 ) (293) 
W WV 2 K 

-^ (2 F)(jno-^-^ (294) 

1 terms of linear velocity of rim, 

or JE=w 2 IK 

n terms of angular velocity. 

The weight of rim necessary for this limit of velocity change 
o KV feet per second with the intermittently applied energy JE 
tbove or below the mean is therefore 

W= y^; pounds (295) 

129. Energy-fluctuation Coefficients. — Before a wheel can be 
iesigned to work within these limits, or before the required weight 
or the conditions can be found, the quantity JE in foot-pounds for 
he particular engine in question must be known. If the diagram 
)f turning efforts can be drawn, this can be found by measuring 
iirectly by the planimeter the area involved and applying the proper 
scale to reduce it to foot-pounds. In general this diagram is not 
usually available, so that JE must be calculated from the mean 
energy by applying thereto a factor determined by such measure- 
ments on turning-effort diagram for engines of the same class, 
operating under the same conditions, as are available. This factor 
must be so given that JE can be expressed directly in foot-pounds. 
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Let Fig. 144 be a turning-effort diagram for a single-cylinder 
engine whose mean effort is Ab' in pounds and the length of whose 
crank-path for the cycle of two revolutions is AB. The work done 
per cycle of one working-stroke is the area AbcB, and to the proper 
stale this represents PLa foot-pounds, and is therefore equal to 
the indicator card to an approximate scale. The greatest excess 
energy is (dej), which represents JE; hence calling the ratio 

area (def) area (def ) to proper scale 

area AbcB ' area indicator card to proper scale' l ™ 



J£-J?,X(area AbcB to proper scale), foot-pounds, 

-£,X(area indicator card to proper scale), foot-pounds; 



JE = R,PLa foot-pounds {297) 

Increasing the number of cylinders to four changes, both the 
mean effort, which is four times that of one cylinder but also changes 
the relative and absolute value of JE, Fig. 145, represents such a 
turning-effort diagram for four cylinders at 180 phase difference. 
The base AB as before represents the crank-palh for two revolu- 
tions and Ab the mean effort for the four cylinders and is four times 
that for one. 

Area AbcB ^^PLa = foot-pounds energy per complete cycle; 

Area. A bgC = PLa = " " " working-stroke; 

Area def represents the greatest energy fluctuation- 
It is evident for a multiple-cylinder engine that the ratio of fluc- 
tuation may be expressed in two ways, first comparing it to the 
mean for one working- stroke, as 



dej _ foot-pounds re pr esented by {def) 
AbgC " PLa 



= *., . (298) 
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or, secondly, comparing it to the mean for the four working-strokes, 
as 

def foot-pounds represented bv (dej) R € 
AbcB = 4 PLa "' 7 = * " (299) 

There will then result for r y cylinders two ratios: one, R„ based 
on PLa, the work per single working-stroke, and /?/ = — , based on 

7)PLa, the work per r t working- strokes. 

When using these energy-fluctuation coefficients from tables 
given by different authorities, the designer must be careful to find 
out which ratio is given. In this work R t is always given, and 
therefore 

AE = R t PLa foot-pounds (300) 

For the purpose of comparing relative steadiness in reception 
of energy by the fly-wheel, the other ratio, R/, is most useful, and 
this is one reason why the complication of two different ratios is per- 
mitted at all. Another reason is that on the turning-effort curve 
the mean-effort area for the four strokes is most easily measured, 
because odd phase differences will not make it possible to divide 
this area into tj equal parts, or, in other words, the curve of turning 
efforts will not repeat itself rj times in two revolutions. When 
thus measured the ratio will be called R< and 

JE = R/PLaT) (301) 

To permit the use of this R t in the fly-wheel formula for the 
new engine, it must have been derived from an engine giving a 
turning-effort curve identical with that expected from the engine 
in question. Here there will always be of necessity an element of 
approximation. 

Supposing R, or R/ to have been properly determined for the 
new engine, then JE can be found: 

JE=R t 'PLai), (302) 
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where P™mean effective pressure for the working-stroke or the 

M.E.P. for the four strokes of a single four-cycle 
cylinder; 
L= length of the working-stroke in feet; 
a « area of piston in square inches; 
9*= number of working-strokes per cycle. 

Substituting this, the weight of rim is given by 



gR/PLarj 

— V*K~ P ounds (303) 



If now D n -mean diameter or twice the radius of gyration of the 
rim in feet ~~tt~" = F—feet per second, giving 



Z(>oogR , f PLa7i 
w n 2 D 2 N 2 K U° 4) 

. R/PLarj 

= 1176i d;*n*k (30s) 

130. Fly-wheel Formulas. — It is possible here to point out the 
limitation of a very common fly-wheel formula, which is 

La 
W '= C «>D 2 N 2 ( 3o6) 



For this to be true it is necessary that 

R/Prj „ , 

~K Wi (3 ° 7) 

which is equivalent to assuming that all engines have the same 
mean effective pressure, the same turning-effort curves, and the same 
coefficient of unsteadiness, or that the coefficient of unsteadiness 
varies as the product of i?, and mean effective pressure. None of 
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these assumptinos is justified, though for engines precisely alike 
in all respects the above is true. It may be approximately true 
for different sizes of engines of the same kind. Sometimes it is 
convenient to have the fly-wheel weight expressed as a function of 
indicated horse-power among other factors. This transformation 
is easily made from formula (305), since 



I.H.P. = ^- (308) 

2X33000 V ° ' 



for rj cylinders, each single-acting and working four-cycle, whence 



66000XI.H.P. , x 

PLar) = jt= (309) 



N 



Substitution gives 



ii76iX66oooXl.H.P.Xig/ 
W ~ KD H 2 N* i . . . (310) 



R/ 
776226cKX>^-y^3l.H.P.; .... (311) 



in terms of R.P.M. or partly in terms of linear velocities 

2I252002?/ 

131. Changes in Fluctuation Coefficient with Conditions. — 

Values of R, for a number of different conditions, though by no 
means all, have been found and given below. 
Guldncr gives 

*«-C(o.75 + C), (314) 



\* 
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which C™°-3° f° r most engines and C has the following values 
r which R< can be found. 



Two- 


Four- 




Two- 


Four- 




:ycle. 


cycle 




cycle. 


cvcle. 


Engine. 


c 


c 


(0.7S + :) 


*« 


R< 




.0 


.40 


1 OS 


I 05 


.42 


One-cylinder single-acting 


.615 


.11 




.646 


.116 


" dou blc-ac ting 


.40 


.40 




.42 


.42 


Two-cylinder tandem-acting 


.645 


■o85 




.678 


.89 


" opposed, one crank 


.40 


.40 




.42 


.42 


" " two cranks, 


645 


.085 




.678 


.89 


set at 360 



These values are a little too general, that is, they do not fit the 
eat variety of conditions met with in practice, nor is the effect of 
ertia negligible except in the low- and medium-powered stationary 
lgines of low weight of parts and low speeds, producing inertia 
ressures from 15 to 50 lbs. maximum initial, values, as will be seen 
om an examination of the following values of R<. 

720 
1 for cylinders 1 to 8 with phase difference - — . Cylinder four-cycle single-act- 
ing, on carbureted water-gas with compression of 70 lbs. above atmosphere 
and maximum pressure 240 lbs. per square inch above atmosphere. 



#• = 



JE 
PLa 



'I. Maximum inertia pressure = 25 lbs. jkt square inch. 
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2 


3 


4 


5 


6 


8 


X.04 


•85 


.66 


• 2 5 


.36 


' .21 


•15 



II. Maximum inertia pressure = 50 lbs. per square inch. 
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1.02 


.82 


.65 


.21 


•3° 


.18 


•'3 



III. Maximum inertia pressure-- 100 lbs. per square inch. 



I 
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3 
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5 


6 


8 


1 .ox 


•79 


.67 


.64 


•33 


.18 


.14 
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R« for cylinders 1 to 8 with phase difference - Cylinder four-cycle single-act- 

ing, on carbureted water-gas; compression - 65 lbs. per square inch above 
atmosphere; maximum pressure ■= 180. 

R- JE 



L Maximum inertia pressure = 15 lbs. per square inch. 



z 


2 


3 


4 


5 


6 


8 


99 


•77 


.60 


.26 


•32 


.16 


.xz 



II. Maximum inertia pressure = 84 lbs. \x.t square inch. 



X 


2 


3 
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5 


6 
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.98 


.91 


.62 


.64 


.27 


•13 


.11 



III. Maximum inertia pressure = 207 lbs. per square inch. 
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3 


4 


5 


6 


8 


1. 00 


I.65 


.70 


2.02 


.29 


.56 


.09 



720 
R< for cylinders 1 to 8 with phase difference — ■ . Cylinder four-cycle, single- 
acting on Taylor producer-gas; compression 90 lbs. per square inch above 
atmosphere; maximum pressure 183 lbs. per square inch above atmosphere. 

JF 
' PLa 



I. Maximum initial inertia pressure = 15 lbs. {>er square inch. 



I 


2 


3 


4 
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• 04 
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.19 


•17 



II. Maximum initial inertia pressure — 80 lbs. per square inch. 
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•33 


.22 


•13 



III. Maximum initial inertia pressure — 207 lbs. per square inch. 
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6 
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.76 


2.90 


.18 


.16 


.14 
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132. Coefficient of Speed Fluctuation. — Values of the coefficient 
of unsteadiness or speed-fluctuation coefficient will depend on the 
service to be performed and the necessary constancy of angular 
velocity. The most severe requirement is that for engines driving 
alternators in parallel; the least, that for automobile and boat 
engines. Automobile engines when in gear with the vehicle have 
the whole inertia of the vehicle acting as fly-wheel, and require only 
sufficient fly-wheel proper to help in starting and to keep up the 
motion when running with gears unmeshed and at low speeds with 
closed throttle. The weight required is least when four cylinders 
work on a phase difference of 90 , and is greatest with a single 
cylinder. 

Boat engines act against a practically constant screw-propeller 
resistance, and require only sufficient fly-wheel to help start or keep 
up motion when out of gear, and for four or more cylinders this may 
be nothing at all if the cranks and counterweights are heavy, as 
these may furnish energy enough for carrying the motion past the 
end of stroke when the turning force due to terminal pressures is 
less than the resistance. With early ignition and properly adjusted 
inertia no fly-wheel need be used. 

When the fly-wheel has only such service as the above to per- 
form it is most convenient to give the weight necessary as W\ pounds 
per I.H.P. for the different combination of cylinders. 

From formula (311) this weight is found by making I.H.P. — 1. 

776226000/?/ 
Wl =~ ~KD 2 N*~ (3I5) 



MV 2 
at a speed 2V, or energy per I.H.P. is , and can be found from 



21252002?/ 66000 Xg R/ 

** 2 ™ V 2 KN = V 2 KN • L,xl,r# > 



giving 



WV 2 MV 2 Rf . . * , ^ 

a 33000 ^nrr foot-pounds . . . (316) 



2g 2g 
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per I.H.P. at the speed N, or 

i6 Skx (317) 

foot-tons per I.H.P. at speed N. 

For large electric drives, such as alternators in central stations, 
from one to three foot-tons of fly-wheel energy per I.H.P. are provided, 
and this is greater than for any other service. 

133. Limiting Diameter of Fly-wheels. — There is no- limit to 
the diameter of a fly-wheel, except a certain maximum beyond 
which the centrifugal forces in the rim set up bursting pressures 
greater than the metal of the rim can resist. 

The centrifugal force of the rotating masses acts on the rim just 

as do internal pressures in a cylinder; but the rim is not free as in 

that case, since it is fastened by arms to a hub. Neglecting spokes, 

the force per foot of length tending to part a rim along a diameter 

2ivV 2 
is F=—jz — pounds, where w= weight of rim per foot of length. 

This is resisted by the tension T in the rim on twice the cross-section, 
a„ giving 

wV 2 
T w = lbs. per sq. in (318) 

T w = 0.0000294 V 2 for wrought steel, 
T w = 0.00002 70 V 2 " cast iron. 

From this the safe rim speed at which a wheel may run is, neg- 
lecting other stresses, 

y-^f. (3-9) 



and the safe R.P.M. is 



60 
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66V 
JV= jy n , or the largest diameter for N R.P.M. is 

D »=^r (320) 

This is not correct, because there are other stresses acting, which 
are: 

i°. Initial internal cooling stresses and unknown. 

2 . A bending of the rim between arms. 

3 . Tension in the arms. 

4°. Bending in the arms when speed changes. 

5 . Shear in arms and at hub and rim when speed changes. 

To simplify the question experiments on bursting of wheels 
rf various forms were made by Prof. Benjamin, and the safe rim 
velocity determined for each case of solid or built-up wheel, as well 
is the nature and phase of fracture. It was found that solid- rim 
tvheels were safest and would rupture at speeds of 350 to 400 feet 
:>er second. Stresses due to bending are negligible. Jointing the 
irms at the rim and bracing rims by internal rims have no impor- 
:ant effect -on strength. Great weakness results from rim joints, 
which are at best seldom more than one-third as strong as the rim 
itself. 

The Fidelity and Casualty Company, which insures fly-wheels, 
jives as a safe speed 

l r -i.6\jp (321) 

where W = weight of one cubic inch of material in the rim. 

From a knowledge of the energy per horse-power needed and 
he safe speed of the mean rim the wheel must be designed, that 
s, its external and internal diameters and width must be deter- 
mined. This is a matter for which no rule is given, as the result 
s not dependent on proportions. Hubs and spokes are to be made 
is in steam-work. 

134. Wheel-rims. — A convenient table for the energy of wheels 
A different rims is given by M. E. T. Briggs in "American 
Machinist." 

Then, given the energy, the outside diameter being fixed by 
he speed, and width of rim being determined by considerations 
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of design, the inside diameter can easily be found; thus 
E 



r*-(*>- 



c,»,JV" 



(3") 



where E is the total energy and c the constant given in the table. 
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135. Values of Speed-fluctuation Coefficients Practised. — The 
value of K may be taken as: 

K Class of engine by service; 

0.08 Poor regulation and light wheel; 

0.04 Shop drives; 

0.009 Close regulation shop drives and fair electric drives; 

0.005 Good electric drives; 

0.003 to 0.0005 Alternators in parallel; 

0.002 Average alternators in parallel. 
For direct-connected alternators working in parallel the value 
of K will depend on the dynamo, and specifications will usually be 
furnished by the dynamo-builder, to be met by the engine-builder 
or arranged by conference. 

When stated, this specification will limit the angular lag or advance 
of the actual wheel from the position of an absolutely uniformly 
moving imaginary wheel. The total angular variation is then 
twice the lag angle allowed on the mean diameter circle, and gives 
so many feet per second variation permitted from uniformity, from 
which K is to be determined. 

136. Coefficients for Close-regulating Steam-engines. — It is 
interesting to compare the results given for gas-engines with those 
of some large steam-engines on electric-light or traction loads. The 
following table by Mr. A. Marshall Douine is presented for this 
purpose. 
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Expenses. Sirntiit Editinn, rni-riltfn ami areath/ intarqed, tritfi 
upwards of 400 illustrations. Thick 8vo, cloth. $9 . 00 

CLARK, J. M. New System of Laying Out Railway Turn- 
outs instantly, by inspection from tables. 12mo, cloth , . SI 00 

CLAUSEN-THUE, W. The ABC Universal Commercial 

Electric Telegraphic (.'ode; specially adapted for the use of 
Financiers. Men: limit.-, :» hip-owners. Brokers. Agents, etc. Fourth 

Edition. Svo, cloth 15 00 

Fifth Edition ol same 87 00 

The A 1 Universal Commercial Electric Telegraphic 

Code. Over 1240 pages and nearlv 90,000 variations. Svo, 
cloth $7.50 

CLEEMANN, T. M. The Railroad Engineer's Practice. 
Being a Short but Complete Description of the Duties of the 
Young Engineer in Preliminary and Location Surveys and in 
Count ruction. Fnurth Edition, Tented and enlarged. Illustrated. 

12rao, cloth $1.50 

CLEVENGER, S. R. A Treatise on the Method of Gov- 
ernment Surveying ;is proscribed hv the V. S. Congress and Com- 
missioner of the General I. ami Office, with complete. Mathemati- 
cal, Astronomical, and Practical Inslnntions for the use of tb e 
UniWd States Survey ors in the field. 16mo, morocco , $2 5q 

CLOUTH, F. Rubber, Gutta-Percha, and Batata. First 

English Translation with Additions and Emendations by the 
Author. With numerous figures, tables, diagrams, and folding 
plates. Svo, cloth, illustrated net, $5.00 

COFFIN, J. H. C, Prof. Navigation and Nautical Astron- 
omy. Prepared for the use of the U. S. Naval Academy. New 
Edition. Revised bv Commander Charles Belknap. 52 woodcut 
illustrations. 12mo, cloth net, $3 50 

COLE, R. S., M.A. A Treatise on Photographic Optics. 

Being an account of the Principles of Optic,-, so far as thev apply 
to photography. I2mo, cloth, 103 iilus. and folding plates. .$2,50 

OLLINS, J. E. The Private Book of Useful Alloys and 

Memoranda forGijldsmitlm,,lcwelerH, etc. lxtuo, cloth 60 
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COREY. Water-supply Engineering. Fully illustrated. 
8vo. cloth In Rim, 

COOPER, W. R., M.A. Primary Batteries: Their Con- 
struction and Use. With ntituerotta figur™ and digrams, .svn. 
cloth. illustrated w/.HOO 

CORNWALL, H. B., Prof. Manual of Blow-pipe Analysis, 

Qualitative and Quantitative. With a. Complete System < i 
Detemii native Mineralogy. Svo, cloth, with many illustra- 
tions $2 50 

COWELL, W. B. Pure Air, Ozone and Water. A Prac- 
tical Treali;<e of their Utilization tmd Value in Oil, Grease. Soap. 
Paint, Glue and Other Industries. With tables :iiliJ fieuivp. 
12mo, cloth, illustrated. art, $2 00 

CRAIG, B. F. Weights and Measures. An Account of 

the Decimal Svstcin, "ill, Tables <if ("nnvcrsiori for <'<■>■■ 

and Scientific I'ses. Square 32mo, limp cloth 50 

CROCKER, F. B., Prof. Electric Lighting. A Practical 

Exposition of the Art. For use of Engineer.-. Student 
others interested in the Installation or Operation of Elc<-tri,-al 
Plants. Vol. I. The Generating Plant. New Edition, D 
n-rim-rl nuit mrritl.n. Svo. cloth, illustrated , . . .,. In Press. 

Vol. II. Distributing Systems and Lamps, Seemd BAKm, 8vp, 

cloth, illustrated $3 00 

and WHEELER, S. S. The Practical Management 

of Dynamos and Motors. Fifth Edition {Siftrrnth Thousand), n- 
vised and enlarged. With a special chapter by H. A. Foster. 
12mo, cloth, illustrated. $1.00 

CROSSKEY, L. R. Elementary Perspective: Arranged to 

meet the requirements of Architects and Draughtsmen, and of 
Art Student* preparing for the elementary ex ami nut ion of the 
Science and Art Department, South Kensington. With numer- 
ous full-page plates and diagrams. Svo, cloth, illustrated . . $1.00 

and THAW, J. Advanced Perspective, involving the 

Drawing of Objects when placed in Oblique Positions, Shi'dows 
and Reflections. Arranged to meet the requirements of Archi- 
tects, Draughtsmen, and Students preparing fur the Perspective 
Examination of the I'Muc.'it inn Department. With numerous full- 
page plates and diagrams. Svo. eloth, illustrated $1 50 

DAVTES, E. H. Machinery for Metalliferous Mines. 

A Practical Treatise for Mining Engineer-. Metallurgist* and 
Managers of Mines. With upwards of 400 illustrations^ Second 
Edition, rewritten and enlarged. Svo, cloth net, $S.OO 
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DA VIES, D. C. A Treatise on Metalliferous Minerals and 
Mining. Sixth Edition, thoroughly revised and much enlarged by his 
eon. Svo, cloth net, $5.00 

Mining Machinery In Press. 

DAVISON, G. C, Lieut. Water-tube Boilers In Press. 

DAY, C. The Indicator and its Diagrams. With Chap- 
ters on Engine and Jiuili-r 'IV-lin^: including a Table of Piston 
Constanta compiled by W. H. Fowler. 12mo, cloth. 125 illus- 
trations $2.00 

DE LA COUX, H. The Industrial Uses of Water. With 

numerous tables, figures. and diagrams. Translated from the 
French and revised by Arthur Morris. Svo, cloth net, $4.50 

DENNY, G. A. Deep-level Mines of the Rand, and their 
future development, considered from the commercial point of 
view. Willi folding plates, diagram*, and tables. 4to, cloth, 
illustrated net, $10 .00 

DERR, W. L. Block Signal Operation. A Practical 

Manual. Pocket Size. Oblong, doth. Second Edition $1.50 

DIBDIN, W. J. Public Lighting by Gas and Electricity. 

With tables, diagram*, iTis;r;n irigs and full-pagr. platen. Hvo, 
cloth, illustrated net, $8.00 

■ Purification of Sewage and Water. With tables, 

engravings, and folding plates Third Edition, revised and 
enlarged. Svo, cloth, ill us. and numerous folding plates $0.50 

DIETERICH, K. Analysis of Resins, Balsams, and Gum 

Resins: their Chemistry and I'harmacognosis. For the use of 
the Scientific and Technical Research Chemist. .With a Bibliog- 
raphy. Translated from the German, by Chas. Salter. Svo. 
doth net, $3 .00 

DIXON, D. B. The Machinist's and Steam Engineer's 

Practical Calculator. A Compilation of Useful Rules and Prob- 
lems arithmetically solved, together with General Information 
applicable to Shop-tools. Mill-gearing. Pulleys and Shafts, Steam- 
boilers and Engines. Embracing valuable Tables and Instruc- 
tion in Screw-cutting, Valve anil Link Motion, etc. Third Edition. 
lfano, full morocco, pocket form $1 ,25 

DOBLE, W. A. Power Plant Construction on the Pacific 
Coast In Preas. 
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DORR, B. F. The Surveyor's Guide and Pocket Table- 
book. Fifth Edition, thoroughly revised and greatly tjttnrifd. 
With a second appendix up to date. 1 Ohio, morocco flaps. . $2 00 

DRAPER, C. H. An Elementary Text-book of Light, 

Heat and Sound, with Numeroui Examples. Fourth Edition 
12mo, cloth, illustrated. , $1 00 

Heat and the Principles of Therm o-dyn amies. With 

many illustration!) ami numerical examples. 12mo, cloth. . . $1 50 

DYSON, S. S. Practical Testing of Raw Materials. A 

Concise Handbook for Manufacturers, Merchants, and Users of 
Chemicals, Oils, Fuels, Gas Residuals and by-products, and 
Pa per- in. 'iking Materials, with Chapters on Water Aiiiilv-is and 
the Testing of Trade Effluents. Svo, cloth, illustration-, 177 
pages , net, »5 00 

EDDY, H. T., Prof. Researches in Graphical Statics. 

Embracing New Constructions in Graphical Sialics, a New General 
Method in Graphic:*! Statics, and the Theory of Internal Stress 
in Graphical Statics. Svo, cloth SI 50 

Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated Svo, cloth |1 50 i 

EISSLER, M. The Metallurgy of Gold. A Practical Treatise 

on the Metallurgical Treatment of Gold-bearing Ores, inilitlir^ 
the Process's of Concentration :it,ii Chlorinatinn, and tin-- A-.-.o- 
ing, Melting and defining of Gold. Fifth Edition, rtrixid .mil 
greatly enlarged. Over 300 illustrations and nanMFOUl ftddill 
plates. Svo, cloth. 



17 H 



— The Hydro-Metallurgy of Copper. Being en Account 

of processes adopted in the Hydro-metallurgical Treatment »( 
Cupriferous Ores, including the Manufacture of Copper Vitriol 

With chapters on the soureen of supply of Copper and the Roasting 
of Copper Ores. With numerous diagrams and figures. Svo. 
cloth, illustrated net, «4 50 

— The Metallurgy of Silver. A Practical Treatise on the 

Amalgamation, (toasting and Lixi vial ion of Silver I Ires, including 
the Assaying, Melting and Refining of Silver Bullion. 121 
illustrations. Second Edition, enlarged, 8ro, cloth $4 00 
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EISSLER, M. The Metallurgy of Argentiferous Lead. A 
Practical Treatise™ the Smelting r.f Silver- Lead Ores and the He- 
lming of l^ad Bullion. including Reports on Various Smelting 
Establishment* iiml l)c*t.-riptiims of MihIitm Smelting I'limaec* utiil 
Plants in Europe and AJneriea. With 1S3 illustrations. 8vo. 
doth IS 00 

- Cyanide Process for the Extraction of Gold and its 

~ wlical Application on the WitwatAnmnd Gold Field* in Smlli 

Third Edition, rrvited and rnliirt/rd, III list rat ions and 

5 plates. 8vo, cloth 13. UO 

- A Handbook on Modern Explosives. Being a Prac- 
tical Treatise on the Manufacture anil V**e of Dvmtinitr, Uiin- 
eottoti. Nitroglycerine, and oilier Explosive Com pound*, in- 
cluding the iiifLiiufiK-ttirE- nf ('olltidiiiii-eotliiu, with i'h»]iten> on 
Explosives in Practical Application, Second Edition, mlargrd 
irith 150 illtatrationa. 12mo, cloth 10.00 

iLIOT, C. W., and STORER, F. H. A Compendious 

Manual of Qualitative Cliemiciil Analvsii. Itcvi-i-.l with the m- 
opemtiou of the authors, by Prof. William It .Niilioln. Illii»- 
trated. Twentieth Edition, newly rented (*y Fro/. W. B. Lindnny. 
12ino,. cloth net, f 1 2!i 

ELLIOT, G. H., Maj. European Light- house Systems. 

Being, a Report of a Tour of It,-|"-ilir,n made ill 1*73. 51 ftn- 
graviiigs and 21 woodcuts. 8vo, cloth. ...... 1A.0O 

LRFTJRT, J. Dyeing of Paper Pulp. A Practical Treatise 

for (he use of paper- maker-, |>:i|»r- ■■ I <>i|i'-p-. 

With illustrations and 157 pattern" of paper dyed in (he ijiil|>, 
witli formulas for each. Translated into Kiutlbh ami elite,!, 
with additions, by Julius Hubner, F.C.S Svo, cloth, illu- 
trated net, $7 SO 

iVERETT, J. D. Elementary Text-book of Physics. 
Illustrated. Seventh Edition. 12mo. cloth. II. M 

SWING, A. J., Prof. The Magnetic Induction in Iron 
and other metals. Third Edition, rental, loll il]|j»tral>"r,- 
8vo, cloth « I (» 

r AIRIE, J., F.G.S. Notes on Lead Orea: Their Distribu- 
tion and Properties. l2mo, tlolh. , . II 00 

Notes on Pottery Clays; The Distribution. ProjwrtiM, 

Uses and Analysis of Ball Clayn, China Clays mini China Hi/*«. 
-"-» aod formal*. I2mo, doth II SO 
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FANNING, J. T. A Practical Treatise on Hydraulic i 

Water-supply Engineering. Rotating to the Hydrology, Hydi 
dynamics timl Practical ( ,'onsl ruction of Water-works in Nor 
America. I.SO UIus. Svo, cloth. Fi/teenth Edition, revised, er 
larged, and new tables and illustrations added. 650 pp t5.U 

FAY, I. W. The Coal-tar Colors: Their Origin and Chem 

istry. 8vo, cloth , illustrated. In Pre* 

FISH, J. C. L. Lettering of Working Drawings. ™ 

teen plains, with descriptive text. Oblong, 9 X12J, boards. 

FISHER, H. K. C, and DARBY, W. C. Students' 

to Submarine Coble Testing. Third (new and enlarged) . 
lion. 8vo, cloth, illustrated 

FISHER, W. C. The Potentiometer and its Adjunct 
8vo, doth 

FISKE, B. A., Lieut., U.S.N. Electricity in Theory 

Practice ; or. The Elements of Electrical Engineering. " 
Edition. 8vo, cloth 

FLEISCHMANN, W. The Book of the Dairy. A Manui 

of the Science and Practice of J'airv Work. Translated froi 
the Gorman, by C. M. Aikman and R. Patrick Wright. 
cloth , ' 

FLEMING, J. A., Prof. The Alternate-current 

former in Theory junl Practice. Vol. I-. The Induction of i- 
Currents; 61 1 pages. New Edition, illustrated. Svo, cloth. . 
Vol. II.. The 1 tilizutiou of Induced Currents. Illustrated, 
cloth 1 

Centenary of the Electrical Current, 1790-181 

8vo, paper, illustrated 

Electric Lamps and Electric Lighting. Being 

course of four lectures delivered at (he Royal Institution, Apr" 
Kay, 1894. Svo, doth, fully illustrated 

Electrical Laboratory Notes an 1 Forms, E 

and Advanced. 4to, cloth, illustrated 

— — A Handbook for the Electrical Laboratory and Tes 

ing Room. 2 volumes. Svo, doth each 1" ' 

FLEURY, H. The Calculus Without Limits or Infinite 

mals. Translated by C. 0. Mailloux 
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*>LEY, N., and PRAY, THOS-, Jr. The Mechanical 

Engineers' Reference Book for Machine ami Boiler Construction, 
in two parts. Part 1— General Engineering Data. Part 2 — 
I toiler Construction. Willi .'>1 ] Jutes and numerous illustrations, 
specially drawn for this work. Folio, r" - 



'OSTER, J. G., Gen., U.S.A. Submarine Blasting in 

Boston Harbor, Massachusetts Removal of Tower and Corwiu 
Rocks, Illustrated with 7 plates. 4lo, cloth S3 50 

FOSTER, H. A. Electrical Engineers' Pocket-book. With 

the Collaboration of Eminent Specialists. A handbook of useful 
data for Electricians and Electrical Enzjneen. With innumer- 
able tables, diagrams, and figures. Third Edition, rented 
Pocket sue, full leather, 1000 pp." $5 00 

'OSTER, J. Treatise on the Evaporation of Saccharine, 

Chemical ami other Liquids liv the Multiple .System in Vacuum 
and Open Air. Third Edition. Diagrams and large plates. 
8vo, cloth $7 50 

rOX, WM., and THOMAS, C. W., M.E. A Practical 
Course in Mechanical Drawing. Second Edition, rented. l"2nio, 
cloth, with plates . $1 25 

TIAKCIS, J. B., C.E. Lowell Hydraulic Experiments. 
Being a selection from experiments on Hydraulic Motors on 
the Flow of Water over Weirs, in Open Canals of uniform rect- 
angular section, and through submerged Orifices and diverging 
Tubes. Made at Lowell, Mass. Fourth Edition, rented and 
enlarged, with many no* experiments, and illustrated with 23 
copper-plate engravings. .Jtu, cloth S15 00 

■ULLER, G. W. Report on the Investigations into the 
Purification of the Ohio River Water at Louisville, Kentucky, 
made to the President and Directors of the Louisville Water 
Company. Published under agreement with the Directors. 
3 full-page plates. 4to, cloth net, 110.00 

TJRBELL, J. Students' Manual of Paints, Colors, Oils 

and Varnishes. 8 vo, cloth, illustrated not, SI. 00 

JARCKE, E., and FELLS, J. M. Factory Accounts: 

their principles and practice. A handbook for accountant! and 
manufacturers, with appendices on the nomenclature of machine 
details, the rating of factories, fire and boiler insurance, the 
factory and workshop acts, etc., including also a large number 
of specimen rulings. Fifth Edition, rented and extended. Svo, 
cloth, illustrated $3.00 
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GEIPEL, WM., and KILGOUR, M. H. A Pocket-book 

of Electrical Engineering Formula:. Illus. ISmo., mor, . .13.00 



GERHARD, WM. P. Sanitary Engineering. 



doth. . 



GESCHWIND, L. Manufacture of Alum and Sulphates, 

aud other Suits of Alumina and Iron; their uses and applications 
as mordants in dycina ninl csiliro print itip, and ilicir other anpli- 
catioiis in the Arts. Manufactures, Saniiary Engineering, Agri- 
culture and Horticulture. Translated from the French hv 
Charles Salter. Willi tables, figures and diagrams. 8vo, cloth, 
illustrated wW,$5 00 

GIBBS, W. E. Lighting by Acetylene, Generators, Burners 
and Electric Furnaces. With 6n' illustrations. Srcond Edition, 
revised. 12mo, cloth SI 50 

GILLMORE, p. A., Gen. Treatise on Limes, Hydraulic 

('(■merits and Mortars. Papers on Practical Engineering, United 

States Engineer Deportment, -No. 9, containing Report* of nu- 
merous Experiments conducted in New York Citv during the 
years 185S to 1861, inclusive. With : 
Svo, cloth 

Practical Treatise on the Construction of Roads, 

Streets and Pavements. Tenth Edition, With TO illustrations 
l2mo, doth $2.00 

Report on Strength of the Building Stones in the 

United States, etc. Svo, illustrated, cloth SI 00 



$1 C 



GOLDING, H. A. The Theta-Phi Diagram. 

Applied to Steam, Gas. Oil and Air Engines. 



Practically 

Lpplied to Steam, Uas. Oil and Air Engines. 12ino, cloth, 
lustra ted net, II J5 



GOODEVE, T. M. A Test-book on the Steam-engine. 

With a Supplement on Gas-engines. Twelfth Edition, mfaraaj 

143 illustrations. 12mo, cloth $2.00 

GORE, G., F.R.S. The Art of Electrolytic Separation of 

Metals, etc. (Theoretical and Practical.) Illustrated •>"■ 
cloth , $3 SO 



GOULD, E. 

8vo, cloth. . 



The Arithmetic of the Steam-engine. 
$1 00 
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GOULD, E. S. Practical Hydrostatics and Hydrostatic For- 
mulas. With numerous figures and diagram don Sosirnnd't 
Science Series. No. 117.) 16mo, doth, illustrated, 114 pp.. . .50 

AY, J., B.Sc. Electrical Influen e Machines: Their 

Historical Development, and Modern Forms, with instructions 
for making thern. Willi numerous figures ami diagrams. Sn-otiri 
Edition , rerimtl nnd enlarged. 12mo, elnlh, ill us., LMt*i pp. .$3. 00 

GRIFFITHS, A. B., Ph.D. A Treati e on Manures, or 

the Philosophy of Manuring. A Practical Handbook for the 
Agriculturist. Manufacturer, and Student. 12mo, cloth. . . $3.00 

Dental Metallurgy. A Manual for Students and 

DntiaU, 8vo, doth, illust rated, 20s pp. . net, $3.00 

GROSS, E. Hops, in their Botanical, Agricultural and 

Technical Aspect, and as an article <tf Commerce. Translated 
from the German by Charles Salter. With tallies, eli.iffr.un*, 
and illustrations. Xvn, cloth, illustrated net, Si .50 

GROVER, F. Practical Treatise on Modern Gas and 

Oil Engines. Svo, cloth, illustrated , . 12.00 

GRUHER, A. Power-loom Weaving and Yarn Number- 
ing, according to various systems, with conversion tallies. An 
auxiliary and text-hook for pupils of weaving sehuols, as well 
AS for self-instruct inn, and for general use l.y those engaged in 
the weaving industry. Illustrated wit 1 1 colored diagram-. Svo. 
eh -tl. net, S3 . 00 

GURDEN, R. L. Traverse Tables: Computed to Four- 

Eilace Decimals for every single minute of angle up to 100 of 
)istanre. For the use of Surveyors and Engineers. Sew Edition. 
Folio, half morocco 17.50 

GUY, A. E. Experiments on the Flexure of Beams, 

resulting in the Discovery cif New Laws of Failure by Buckling. 
Reprinted from the "American Machinist." With diagrams and 
folding plates. Svo, cloth, illustrated, 122 pages net, $1.25 

GUY, A. F. Electric Light and Power: Giving the Result 

of Practical Experience in Central -station Work. Svo, cloth, 

illustrated S2 . 50 

HAEDER, H., C.E. A Handbook on the Steam-engine. 

With especial reference to small and medium-sized engines. For 
the use of Engine-makers. Mechanical Draughtsmen, Engineer- 
ing .Students and Users of Steam Power. Translated from the 
German, with oonmderable additions and alterations, hy H, H. 
P. Powles. TViird English Edition, revised. Svo, cloth, illus- 
trated, 45S pages S3. 00 
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HALL, W. S., Prof. Elements of the Differential and 

Integral Calculus. Fourth Edition, revised. Svo, doth, illus- 



Descriptive Geometry, with Numerous Problems and 

Practical Applications. Comprising an Svo volume of 78 pages 

of text and a 4to atlas of 31 plates. 2 vols., cloth net, $3 50 

Postage, U 83 

HALSEY, F. A. Slide-valve Gears. An Explanation of 

the Action and Construction of Plain and Cut-off Slide Valves 
Illustrated. Seventh Edition. 12mo, cloth SI. SO 

The Use of the Slide Rule. With illustrations and 

folding plates. Second Edition. 16mo. boards. 



* Series, No. 114.1. 



— Worm and Spiral Gearing. Revised and Enlarged 

Edition. 16mo, cloth (Van Nontrand's Science Series, No. llfi.) 
Illustrated 50 

— The Metric Fallacy, and " The Metric Failure in 
the Textile Industry," by Samuel S. Dale. 8vo, cloth, ilhi.«- 






. SI. 00 

HAMILTON, W. G. Useful Information for Railway 
Men. Tenth Edition, revised and enlarged. 502 pages, pocket 
form. Morocco, gilt 82 . 00 

HAMMER, W. J. Radium, and Other Radio-active Sub- 
stances; Polonium. Actinium and Thorium. With a considera- 
tion of Phosphorescent and Fluorescent Substation, the Proper- 
ties and Applications of Selenium, and the treatment of disease 
by the Ultra-Violet Light, St-cttnd Edition. With diagram?, 
engravings and photographic plates. Svo, cloth, illustrated, 72 p., 

SI- 00 

HANCOCK, H. Text-book of Mechanics and Hydro- 
statics, with over 500 diagrams. Svo, cloth SI 75 

HARRISON, W. B. The Mechanics' Tool-book. With 

Practical Rules and Suggestions for use of Machinist*, Iron- 
workers and others. With 41 engravings. 12mo, cloth. . . .SI. SO 

HART, J. W. External Plumbing Work. A Treatise on 

Lead Work for Roofs. With numerous figures and diagrams, 
Svo cloth, illustrated net, S3.M 
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HART, J. W. Hints to Plumbers on Joint Wiping, Pipe 
Beading, and Lead Burning, Containing 1S4 figures and dia- 
grams. Svo, doth, illustrated net, $3 00 

— Principles of Hot-water Supply. With numerous 
~'t>, cloth net, 13 00 



Sanitary Plumbing and Drainage. With numerous 

diagrams and figure*. Svo. cloth, illustrated net, 13.00 

RASKINS, C. H. The Galvanometer and its Uses. A 

Mauuiil for Electricians and Students Fourth Edition. l2mo, 

doth $150 

HAUFF, W. A. American Multiplier: Multiplications and 

Divisions <>f tin 1 htrgest numbers rapidlv performed. With index 
giving the result? instantly "I" all i.umhors to L0O0:-: 1 1.MXJ - 1.000,- 
0O0; also tables of circumferences and areas of circles. Cloth, 
6JX15J 15.00 

HAUSBRAND, E. Drying by Means of Air and Steam. 
With explanations, formulas, and tables, for use in practice. 
Tnmslated from the German by A. C. Wright, M.A. 12mo, 
cloth, illustrated 12 . 00 

Evaporating, Condensing and Cooling Apparatus: 

Explanations. Formula 1 . ;onl Tables (<>r I'^o in Practice. Trans- 
lated from the Second Revised German Edition by A. C. Wright, 
M.A. With numerous Li en res, tables and diagrams. Svo, cloth, 
illustrated, 400 pages net, 15.00 

HAUSNER, A. Manufacture of Preserved Foods and 

Sweetmeats. A Handbook of all the Processes for the Preserva- 
tion of Flesh, Fruit, and Vegetables, and for the Preparation of 
Dried Fruit, Dried Vegetable*. Marmalades, Fruit -syrups, and 
Fermented leverages, and "f all kinds ■>!' ('undies. Candied Fruit, 
Bweetmeats, Rocks, Drops, Iiragces, Pralines, etc. Translated 
from the Third Enlarged tier-man Edition, bv Arthur Morris and 
Herbert RobsoH, B.Se. Svo, cloth, illustrated nri, 13 00 

HAWKE, W. H. The Premier Cipher Telegraphic Code, 

containing 100.000 Words and Phrases. The most complete and 
most useful general cod* yet published. 4to, cloth 15 00 

100,000 Words Supplement to the Premier Code. 

All the words are selected from the official vocabulary. Oblong 
quarto, cloth 15.00 

HAWKINS, C. C, and WALLIS, F. The Dynamo: its 

Theory, Design, and Manufacture. 190 illustrations. 12mo, 
cloth 13 . 00 
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HAY, A. Principles of Alternate-current Working. i2mo, 

cloth, illustrated $2 00 

HEAP, D. P., Major, D.S.A. Electric I Appliances of 

the Present Dav. Iteport of the Paris Electrical Exposition of 
IMfl. 250 illustrations. Svo, cloth $2.00 

HEAVISIDE, O. Electromagnetic Theory. 8vo, cloth, 
two volume* each, $5 Oo 

HECK, R. C. H., Prof. (Lehigh University). The Steam- 

Engine. A text-book for Kii^nj.-enui: Colleges . .In Preen. 

HEERMAKN, P. Dyers' Materials. An Introduction to 

the Examination. Valuation, ami Application of the inoet ini| 
tant substances used in Uvfitic, Printing, Bleaching and Fini*h- 
iog. Translated by Arthur C. Wright, M.A. 12nio, cloth, illus- 
trated net, $2.50 

HENRICI, 0. Skeleton Structures, Applied to the Build- 
ing of St.'f] and Iron Bridges. Bn, doth, illustrated. ...... $1.50 

HERMANN, F. Painting on Glass and Porcelain and 

Enamel Painting. On the basis of Persona] Practical Experience 

of the Condition of the Art up to date. Translated bv Charles 

Suiter. Second greatly enlarged edition. Svo, cloth, illustrated, 

net, $3 50 

HERRMANN, G. The Graphical Statics of Mechanism. 

A Guide for the Use <jf Machinists. Architect.-, and Engineers; and 
also a Text-book for Technical Schools. Translated and anno- 
tated by A. P. Smith, M.E. Fourth Edition. 12mo, cloth, 7 
folding plates $2 

HERZFELD, J., Dr. The Technical Testing of Yarns and 

/Textile Fabrics, with reference to oflicial specifications. Trans- 
lated by Chas. Salter. With 69 illustrations. 8vo, cloth net, $3 50 

HEWSON, W. Principles and Practice of Embanking 

Lands from Itivcr Floods, as applied to the Levees of the Missis- 
sippi. Svo, cloth. $2 00 

HILL, J. W. The Purification of Public Water Supplies. 

- Illustrated with valuable tables, diagrams, and cut^. - ■ 
cloth, 304 pages $3 00 

Interpretation of Water Analysis. i2mo, cloth. 

In Prut. 
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HOBBS, W. R. P. The Arithmetic of Electrical Measure- 
ments, with numerous examples, fully worked, Revised bv 
Richard Wormed. M.A. Ninth Edition., 12mo, cloth 60 

The Avoidance of Collisions 



HOLLEY, A. L. Railway Practice. Americ n and Euro- 
pean Railway Practice in 'I"' Economical iirricraiion nl Ste,im, 

i\:iter. etc., and the 
Adaptation of Wood mid Oikc-hnrni ic I-'usi i :i"-h 10 Coa] ; burniug; 
and in Permanent Way, hieliiiiini; Riiih:'-1» il, Sleepers, Kails, 
Joint Fastenings. Street Railways, eUi. Willi 77 lithographed 
plate*. Folio, cloth $12 00 

HOLMES, A. 

Fijth Ed,t,o 

HOPKINS, N. M. Model Engines and Small Boats. New 
Methods of Engine and Boiler Making, with a chapter on Ele- 
mentary SI ii|i Design in I'M 'onsl ruction. ' _'ino, cloth $1 .25 

HOUSTON, E. J., and KENNELLY, A. E. Algebra Made 

K.i-v Being a clear fxplniialiiin of the Mathematical Formula- 
found in Prof, Thompsonn " Dvnatini-electric Machinery and 
Polvphaae Electric Current.-:." With figures and cxam|ilc». -m. 
ii.it) i, illu.i rated 75 

The Interpretation of Mathematical Formula. With 

figures and examples. Svo, cloth, illustrated 11.25 



HOWARD, C. R. Earthwork Mensuration on the Basis 

of the Prisnioidal Formula', rniitiiiiimi! Simple ami Labor-saving 
Methods of obtaining Prinmoidal Contents directly front End 
Areas. Illustrated by Examples and accompanied bv Plain 
Rules for Practical Use. Illustrated. Svo, cloth SI 50 

HOWORTH, J. Art of Repairing and Riveting Glass, 

China and Earthen ware. Sivund Edition. Svo, pamphlet. illus- 
trated net, It) 50 

HUBBARD, E. The Utilization of Wood-waste. A Com- 



Tan ai Fuel, as a Sonne of Chemical Product* fur Artiliei.il Wood 
Composition*, Explosives, Manures, and many other Technical 
Purposes. Translated from the German of the accond revised 
and enlarged edition. Svo, cloth, illustrated, 102 pagM. . net, 12 50 
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HUMBER, W., C.E A Handy Book for the Calculation 

of Strains in Girders, and Similar Structures, and their Strength, 
consisting of Formula' aud Corresponding iJiagrams, with nun 
.hi- details for f i r; li ' in ;i I ap|>lii-;Ltiun, i:U'. Fourth Edition. 12 

doth *2 60 

HURST, G. H., F.C.S. Color. A Handbook of the Theory 

of Color. A practicnl work for the Artist, Art Student, Painter, 
Dyer and Calico Printer, and Others, Illustrated with 10 colnrt-ri 
plates aud 72 illustrations. Svo, doth net, $2 50 

— — Dictionary of Chemicals and Raw Products Used 
in the Manufacture of Paints, Colors, Varnishes and Allied Prep- 
arations. 8vo, doth net, S3 00 

Lubricating Oils, Fats and Greases: Their Origin, 

Preparation, Properties. Csi's arid Analysis. 313 pages, with 
65 illustrations. Svo, doth net, t3 00 

Soaps. A Practical Manual of the Manufacture of 

Domestic, Toilet and other Soaps. Illustrated with 06 engrav- 
ings. Svo, doth net, $5 00 

Textile Soaps and Oils: A Handbook on the Prepara- 
tion, Properties, and Analysis of the Stiajus and nils I'sed in 
Textile Mniiiifarluriiii;, 1.' vein" mil Printing. With tallies ami 
illustrations, 8vo, cloth net, $2.50 

HUTCHINSON, W. B. Patents and How to Make Money 
out of Them. 12rao, cloth. . . II 25 

HUTTON, W. S. Steam-boiler Construction, A Practical 

Handbook for Engineers, Boiler-makers and Steam-users. Con- 
taining a large colleetion of rules and data relating to recent 
practice in the design, construction and working of all kinds 
of stationary, loconiolive ami marine steam-hoilers. With up- 
wards of 54*0 illustrations. Fourth Edition, -arrjulhj revised and 
much enlarged. Svo, cloth $0 00 

— — Practical Engineer's Handbook, comprising a Treatise 

on Modern Engine? mid Boiler 1 ;, Martin', Loeoinutive and Station- 
ary. Fourth Edition, rarejuih/ remised, jcifn additions. With 
upwards of 570 illustrations. Svo, doth $7.00 

The Works' Manager's Han book of Modern Rules, 

Tables aud Data for Civil and Mechanical Engineers, Millwright! 
and Boiler-makers, etc., etc. With upwards of 150 ■tVttrKfOTM 
Fifth Edition, carefully revised, uith additions. Svo, cloth. . . 16 00 

INGLE, H. Manual of Agricultural Chemistry. Svo, 

cloth, illustrated, 388 pages net, tS .00 
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JUTES, C. H. Problems in Machine Design. For the 

use of Students, Draughtsmen anil others. Second Edition, 12mo, 
cloth. net, $2 00 

Centrifugal Pumps, Turbines and Water Motors. In- 
cluding the Theory and Practice of Hydraulics. Third and enlarged 
edition. 12mo, doth net, $2 00 

SHERWOOD, B. F. Engineering Precedents for Steam 
Machinery. Arranged in the mnci practical and useful manner 
fur Engineers. With i Must mt ions. Two volumes in one. Svo, 
cloth $2.30 

IAMIES0N, A., C.E. A Text-book n Steam and Steam- 
engines. Specially arranged fur the use of Science and Art, City 
ana Guild* of London Institute, and oilier Engineering Students. 
Thirteenth Edition. Illustrated. 12mo, cloth 13.00 

Elementary Manual on Steam and the Steam-engine. 

Specially arranged for the use of First-year Science and Art, City 
and Guilds of London Institute, and other Elementary Engineer- 
ing Students. Third Edition. 12mo, cloth $1.50 

JANNETTAZ, E. A Guide to the Determination of Rocks : 
being an Introduction to l.ithologv. Translated from the French 
by G. W. Plvmpton, Professor of Physical Science at Brooklyn 
Polyteelmic. Institute. 12mo, cloth II 50 

JEHL, F., Mem. A.I.E.E. The Manufacture of Carbons 

for Electric. Lighting and Other Purposes. A Practical Handbook, 
giving a complete d>wript ion of I lie nrt of nuikiiijr carl -on s. electros, 
etc Tli-.- various ctks generators and furnaces used in carbonizing, 
with a plan for a model factory. Illustrated with numerous dia- 
grams, tables and folding plates. 8vo, cloth, illustrated., . . $4.00 

JENNISON, F. H. The Manufacture of Lake Pigments 

from Artificial Colors. A useful handbook for color manufac- 
turera, dyers, Cjlor chemists, paint manufacturers, dtTflalters, 
wall pa per- makers, enamel and surface-paper makers. With 15 
plates illustrating the various methods and errors that arise in 
the different processes of production. 8vo, cloth net, $3 .00 

JOHNSON, W. McA. "The Metallurgy of Nickel." In Press. 

JOHNSTON, J. F. W., Prof., and CAMERON, Sir Chas. 

Elements of Agricultural Chemistry and Geology. Seventeenth 
Edition. 12mo, cloth $2.60 

JONES, H. C. Outlines of Electrochemistry. With 

tables and diagrams. 4to, cloth, illustrated $1 .60 
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JONES, M. W. The Testing and Valuation of Raw 1 

rial* used in Paint an d Color Ma mifu etui*. 12mo, doth, .nrf, 124 



JUPTNER, H. F. V. Siderology: The Science of Ira. 

(The Constitution of Iron Alloys and Iron.) TranalaWd [no 

the German. Svo, cloth. 34fi pagi*, illustrated net, JS i 1 

KANSAS CITY BRIDGE, THE. With an Account < 

the Regimen of the Missouri Kiver and a D fcriytl op <>( il 
Methods used fur Founding in that River, liy O. Ofionule, Chi 
Engineer, and George Morinon. Assistant Engineer. illustrate 
with 5 lithographic views and 12 plates of plans. 1 1 

KAPP, G., C.E. Electric Transmission of Energy u 
its Transformation, Subdivision ;,„■] Distribution, A pnrtk 

hatidbtxik. Fourth EdiHun, mil I ..'■ ; i'i S3, 

Dynamos, Motors, Alternators and Rotary Con- 
verters. Translated from tiie third German edition, r>v Htrdi 
H. Simmons, A.M.I.E.E. With numerous diagram* and f. 

8vo, 'cloth, 507 page* 



KEIM, A. W. Prevention of Dampness in But 

With H.-martsoi n and Effect* of Saltn 
rescencee and Dry Rot. For Architects, Build 
Plasterers, Painter* and House Owners. Translated from t 
Kcond revised, German tditum. With colored plates a. 
grama. Svo, cloth, illustrated. 115 pages 

KELSEY, W. R. Continuous-current Dynamos tni 

Motors, and their Control: being a scries of articles reprinud 
from The Prartietii Engineer, and completed bv W. R. Kelsrt 
With many figurt's and diagrams. Svo, cloth, fllustra tod. 



A Handbook of Rocks. For Use 

iVilli u glossary of the names of roil 
ns. Svo, cloth, illustr.u.ii 




KEMP, J. F-, A.B., E.M. 

without the microscope, 
and of other litholo^iry.1 tci 
TAtrd Edition, rented. 

KEMPE, H. R. The Electrical Engineer's Pocket-bool 

of Modem Rules, Formula". Tables and Data. i ! I I u 
32am. morocco, gilt. . 
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EEHHEDY, R. Modem Engines and Power Generators. 
Vol. I A Practical Wort oo Printe Mover* and lb* Trin— mmiii 
of Power Steam. Electric. Water, and Hot-air With uUn. 
figures, mad full-page engravings. 410, doth, illuaUated- . S3 30 

EENNEDY, R. Electrical Installations of Electric light, 
Piwn, Traction, and Industrial Electrical Machinery, ft ith tiu- 
■HRMM diagrams arid aogmringe. 

Vcd. I. The Electrical Circuit, Measurement, Ele- 
ments of Motors. Dynamo*. Electrolysis. Svo.clolh, illus. . $3.50 

Vol. n. Instruments, Transformers, Installation Wir- 
ing. Switches and Switchboards. 8vo, doth, illustrated . . . $3.50 

Vol. HI. Production of Electrical Energy, Prime 

Mover*, Generators and Motors. 8vo, doth, illustrated . . $3.50 

Vol. IV. Mechanical Gearing; Complete Electric In- 
stallations; Electrolytic. Mining and Heating Apparatus; Electric 
Traction; Special Applications of Electric Motors. 8vo, doth, 
illustrated. $3.50 

■ Vol. V. Apparatus and Machinery used in Telegraphs, 

Telephones, Signals, Wireless Telegraph, X-Ravs, and Medical 
Science. 8vo. doth, illustrated $3.50 

KENNELLY, A. E. Theoretical Elements of Electro- 
dynamic Machinery. Svo, cloth $1.90 

KILGOUR, M. H., SWAM, H., and BIGGS, C. H. W. Elec- 
trical Distribution: its Theory and Practice. 174 illustrations. 
l2mo, cloth • $4.00 

KING, W. H. Lessons and Practical Notes on Steam, 
the Steam-engine, Propellera, etc., for Young Marin" Eujrinrrrc, 
Student.- and others. Revised liv Chief Engineer J. W. King, 
United States Navy. 19(A Edition, enlarged . Svo, cloth ?2 00 

KTNGDON, J. A. Applied Magnetism. An Introduction 

to the Design .>f Electromagnetic Apparatus. Svo, cloth. . $3.00 

KIRKALDY, W. G. Illustrations of David Kirkaldy's 

Nv-t.e f Mechanical Testinc, ns (Irijcinnli'cl and Carried on by 

him during n Quarter of n Century. Com prising a 1-nrgc Selec- 
tion of Tnhulnled Kc-.nl Is. show-inn tin- Strength and other Proper- 
lii>. u( Material.- n-ci in I 'uristrttctioii, with Ftplaiiatory Text 

Eeh. Numerous f»i^r:iving« and 25 lithographed 
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KIRKBRIDE, J. Engraving for Illustration: H:storical 

and Practical Notes, with illustrations and 2 plutcs by ink 
photo process. Bvo, cloth, illustrated, 72 pages net, SI SO 

KIRKWOOD, J. P. Report on the Filtration of River 
Waters for tin- .Supply of Cities, as practised in Kurope, niadc 
to the Board of Water l.'mt unison iters of the City of St. l*uk 
Illustrated by 30 double-page engravings. 4to, cloth . . . S7 50 

KLEIN, J. F. Design of a High-speed Steam -engine. 

With nod's, diagrams, formulas and tables. Seroud fijditinn, 
rc-ined and enlarged . 8vo, cloth, illustrated, 257 pages, .net, $5 00 

KNIGHT, A. M., Lieut.-Com. U.S.N. Modern Seaman 

ship. Illustrated with iM\ full-pu£i> plates and diagrams, Svo 

doth, illustrated. Second Edition, revised n*I, S6 00 

Half morocco (7 SO 

KNOTT, C. G., and MACKAY, J. S. Practical Mathematics. 

With nu men his examples, litftircs and diagrams. A'fio Edition, 
gvo, cloth, illustrated $2.00 

ROLLER, T. The Utilization of Waste Products. A 
Treatise on the liationa! Utilisation, Recovery and Treatment 
of Waste Products of all kinds. Translated from the Gertnaa 
tccand reriwd edition. With numerous diagrams. - 
illustrated, 2*0 pages net, f3 St) 

Cosmetics. A Handbook of the Manufacture, Em- 

pl(i\ mi'iit and Testing of all Cosmetic Materials and Cosmetic 
Specialties, Translated from the German by Chas. Salter. Mo, 
cloth net.%2 50 

KRAUCH, C, Dr. Testing of Chemical Reagents for 

I'urilv Authnrizeil Iranslnti f the Third Edition, by J. A 

Williamson and L, W. Dupre. With additions and .-in. n.l:, , • 
by the author. Svo, cloth . ml, %4. SO 

LAMBERT, T. Lead, and its Compounds, With tables, 

diagrams and folding plates. Svo, cloth. 22s pages net, S3 50 

Bone Products and Manures. An Account of 

the most recent improvements in the manufacture of Fat, Glue. 
Animal Charcoal, Sue. Gelatine and Manures. With plan* and 
diagrams. 8vo, cloth, illustrated net, S3 00 

LAMBORN, L. L. Cotton-seed Products. With numerous 
diagrams and engravings In Prta. 
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LAMPRECHT, R. Recovery Work after Pit Fires. A 

description of the principal method* pursued, especially in Bmt 
mines, and of the various appliances employed, such as respira- 
r.rv and nm.il apparatus, dams, etc. With folding plates and 
diagrams. Translated from the German by Charles Salter. 8vo, 
cloth, illustrated net, 14.00 

LARRABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hog's Improvements. The most perfect 
Secret Code ever invented or discovered. Impossible to read 
without the key. I8mo, cloth 60 

LASSAR-COEtN, Dr. An Introduction to Modern Sden- 
tific Chemistry, in the form of popular h-rtiirtw suited to University 
Extension Students and general readers. Translated from the 
author's corrected proofs for the second German edition, by 
M. M Pattison Muir, MA. 12mo, cloth, illustrated $2.00 

LEASK, A. R. Breakdowns at Sea and How to Repair 
Them. With 89 illustrations, Second Edition. 8vo, cloth. $2.00 

Triple and Quadruple Expansion Engines and Boilers 

and their Management.. With 59 illustrations. Third Edition, 
revised. 12mo. cloth $2 00 

• Refrigerating Machinery : Its Principles and Man- 
agement. With 64 illustrations. 12mo, cloth $2 00 

LECKY, S. T. S. "Wrinkles" in Practical Navigation. 
With 130 illustrations. 8vo, cloth. Fourteenth Edition, repined 
and enlarged $9.00 

LEFEVRE, L. Architectural Pottery : Bricks, Tiles, Pipes, 

Enameled Terra-Cottas, Ordinary and Intrusted Quarries, Stone- 
ware Mosaics, Faiences and Architectural stoneware. With 
tables, plates and 950 cuts and illustrations. With a preface by 
M. J.-C. Formige\ Translated from the French, by K. H. Bird, 
M.A.,and W.Moore Binns. 4U>, cloth, illust rated , net, $7,50 

LEHNER, S. Ink Manufacture : including Writing, Copy- 
ing, Lithographic, Marking, Si-unpinir a in I 1 , aundry Inks. Trans- 
btted from the fifth German edition, by Arthur Morris and 
Herbert Robson, B.Sc. 8vo, cloth, illustrated net, $2.50 

LEMSTROM, Dr. Electricity in Horticulture. Illus- 
trated In Press, 

LEVY, C. L. Electric-light Primer. A simple and com- 
prehensive digest of all the most important facts connected with 
the running of the dynamo, and electric lights, with precautions 
for safety. For the mm of persons whose duty it is to look after 
the plant. Svo, paper SO 







30 D. VAN NOSTRAND COMPANY'S 

LIVACHE, ACH. (Ingenieur Civil des Mines). The B 

ufacture of Varnish en. Oil Crushing, iMiiung :uui Boiling, 
Kindred Industries. Describing the Manufacture and "'"" 



and Physical Properties of Spirit Varnishes and Oil V 
Haw Materials: liesins; Solvents and Coloring Principles; Di 
ing Oils, their Extraction. Properties ami Applicai i'>in-: t'l 



Raw Materials: lli-niius; .Solvents and Coloring Principles; 
ing Oils, their Extraction. Properties ami Applications 
Refining and Boiling; The Manufacture, Employment and Te 
ing of Various Varnishes. Translated from the Vren ' ' 
Geddes Mcintosh. Greatly extended and adapted 

Sractiee. With numerous original recipes by the 
ilustmted with cum and diagrams. Svo, cloth net, S5.Q0 



LIVERMORE, V. P., and WILLIAMS, J. How to Become 

a Competent Mntomutn. Being a Practical Treatise on lh« 
Proper Method of Operating a Street Railway Motor i'ar: nl» 

S'ving details how to overcome certain defect*. 16mo, clotk, 
ustrated, 132 pages Jl 00 

LOBBEH, P., M.E. Machinists' and Draftsmen's Hand- 
book, containing Tables, Bulcs. and Formulas, with uumervw* 
examples, explaini nc (he principle "l" mathematics and mechanics, 

an applied to the mechanical trailer-. Intended us a r. f.n h. ■■ I L 

for all interested in Mechanical work. Illustrated with iiiinit 
cuts and diagrams, Svo, cloth 12 ifc 

LOCKE, A. G. and C. G. A Practical Treatise 

Manufacture uf Sulphuric Acid, With 77 

drawn to scale measurements, and other illustrat: 

8»o, cloth $10 '00 

LOCKERT, L. Petroleum Motor-cars. i2mo, cloth, $1.50 

LOCKWOOD, T. D. Electricity, Magnetism, and Electro- 

telegraphv. A Practical Guide for Students, Operators, 
Inspectors. Svo, cloth. Third Edition 1 

Electrical Measurement and the Galvanometer: 

Construction and Uses. .Second Edition. 32 illustrations. 1 
cloth 1 



Signalling Across Space, Without Wires: being ■ 

description of the -work of Herti and his successors. With nuinrr- 
ous diagrams and half-tone cuts, and additional remarks con- 
cerning the application to Telegraphy and later development* 
Third Edition. Svo, cloth, illustrated net. $J 00 
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D, R. T. Decorative and Fancy Fabrics. A Valuable 
Book with designs anil ill urt rations for manufacturers and de- 
signers of Carpels, Damask. Dress and all Textile Fabric*. 8vo. 
cloth, illustrated. . nrf. $3 50 

X>RIMG, A. E. A Handbook of the Electro-magnetic 
Telegraph. 18mo, doth, boards. Xnr and enlarged edition 50 

LUCE, S. B., Com. Text-book of Seamanship. The 
Equipping and Handling of Vessels under Sail or Steam. For 
(be use of the I". S. Naval Academy. Raised and enlarard 
edition, by Lieut. Wm. S. Benson. 8vo, cloth, illustrated. . $10.00 

LUCKE, C. E., Prof. Columbia Univ. Gas Engine Design. 

LUNGE, G., Ph.D. Coal-tar and Ammonia: being the 
third and enlarged edition of "A Treatise on the Dint illation of 
Coal-tar and Ammonium] Li<|iii>r," wit ii numerous tables, figures 
and diagrams. Thick 8vo, cloth, illustrated net, $15 00 

A Theoretical and Practical Treatise on the Man- 
ufacture of Sulphuric Acid and Alkali with I be Collateral Branches. 

Vol.1. Sulphuric Acid. In two parts, not sold separately. 

Second Edition, revised and enlarged, 342 illus. 8vo, cloth, . 815.00 

Vol. H. Salt Cake, Hydrochloric Acid and Leblanc 

Soda. Serond Edition, mixed and e nlarged . 8vo, cloth. . . $16.00 

II. Ammonia Soda, and various other processes 

li-makine. and the preparation of Alkali.-:, Chlorine and 
lorates, by Electrolysis. 8 vo, cloth. New Edition, IStift. . 815.00 

1 HURTER, F. The Alkali Maker's Handbook. 

ibles and Analvtirnl Metliint- f<>r \l;in'if:utiirer* of Sulphuric 

" ", Nitric Acid, Soda, Potash and Ammonia. Second Edition. 

», cloth 18 .00 

R, A., PARR, G. D. A., and PERKIN, H. Elec- 

v as Applied to Mining. With lahles, diagrams rind folding 
s. 8vo, cloth, illustrated, 280 pages , . ,, nit, S3 50 

:R f L. M., Ph.D. Minerals in Rock Sections. 

I Practical Method 'if Identifying M ifi- t.iI-- in Ifurk S-.-i i. n: 

h the Microscope. K.~]-T)-illy arranged for Stwlrntu in 'JWImi- 

il Seientitic Schools, nvo, cloth, illm-l rated net, SI 50 

C. W-, Prof. A Practical Treatise on the 
Hide- valve by Eccentrics, examining bv methods (hi' imIi,,i, i.f 
jntric upon the Slide-valve, and explaining the practical 
9 of laying out the movements, adapting ili>> \ ubr for 
_. .)US duties in the Jileam-cuginr .s 1 .,,,,,,/ !:,l,U<m, Illus- 
trated. 4to, cloth $"J flO 
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How to Make a Woolen Mill Pay. 

MACKROW, C. The Naval Architect's and Ship-builder'i 

Pocket-bonk of Formula 1 , Rules, arid Tables; and Engineers' aii'J 
Surveyors' Handy Book of Reference. Eighth Edition, revUti 
and enlarged. IO1110. limp leather, illustrated. . , J5 00 

MAGUIRE, E., Capt., U.S.A. The Attack and Defence 
of Coast Fortifications. With maps and numerous illustrations. 
8vo, cloth 12.80 

MAGUIRE, WM. R. Domestic Sanitary Drainage and 

Plumbing Lectures on Practical Sanitation. 332 illustrations. 
8vo 94.00 



MARKS, E. C. R. Mechanical Engineering Materials: 

Their Properties ami Treatment in Construct ion. 12mo, cluth, 
illustrated 60. 

Notes on the Construction of Cranes and Liftinj 

Machinery. With numerous diagrams and figurea. New i 
enlarged edition. 12mo, cloth net, SI 

Notes on the Construction and Working of Pumps. 

With figures, diagrams and engravings. 12rao, cloth, illus- 
trated net, $1 50 

MARKS, G. C. Hydraulic Power Engineering. A Prac 

tical Manual on the Concentration and Transmission of Po« 
bv Hydraulic Machinery. With over 200 diagrams and (aid 
8vo, cloth, illustrated S3 



MAYER, A. M., Prof. Lecture Notes on Physics. 8vo, 
doth $2 00 

McCULLOCH, R. S., Prof. Elementary Treatise on the 

Mechanical Theory of Heat, and its application to Air and tflfam- 
enginea. 8vo, cloth $3 SO 

McINTOSH.T. G. Technology of Sugar. A Practical Treatise 

on the Manufacture of Sugar from the Sugar-cane and Sugar- 
beet. With diagrams and tables. 8vo, cloth, illustrated, nel, %i " 
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McNeill's Code. Arranged to meet the 

requirements of Mining, Metallurgical and Civil Engineers, Direc- 
tors of Mining, Smelling and oilier Companies, Hankers, Stock 
and Share Brokers, Silieitors, Acri mntants, Financiers urid 
General Merchants. Safety and Secrecy. Svo, cloth. ... S6.00 

McPHERSON, J. A., A. M. Inst. C. E. Waterworks 

Distribution. A practical guide to the laying nut of system* of 
distributing mains fur the supply of water to cities and towns. 
With tablet, folding plates and numerous full-page diagrams. 
8vo, cloth, illustrated f 2 50 



MERRITT, WM. H. Field Testing for Gold and Silver. 

A Practical Manual for Prosjs-ilnr.i ami Miners, With numerous 
half-tone cuts, figures and tables, 16mu, limp leather, illus- 
trated II . 50 

METAL TURNING. By a Foreman Pattern-maker. Illus- 
trated with Kl engravings. 12mo, cloth. $1 .50 

MICHELL, S, Mine Drainage: being a Complete Prac- 
tical Treatise on Direct-acting Underground Steam Pumping 
Machinery. Containing many folding plates, diagrams and 
tables. Second Edition, re written arid enlarged. Thick 8*0, 
cloth, illustrated 110 00 

MIERZINSKI, S., Dr. Waterproofing of Fabrics. Trans- 
lated from the German by Arthur Murri- ami Herbert ltobson. 
Willi diagrams and figures. 8vo, cloth, illustrated. . . net, 12.50 

MILLER, E. H. Quantitative Analysis for Min ing Engi- 
neers. 8vo, cloth net, 81.50 

MINIFIE, W. Mechanical Drawing. A Text-book of 

Geometrical Drawing for the use of Mechanics and Schools, in 
*?hich the Definitions and Rules of Geometry are familiarly ex- 
plained; the Practical Problems are arranged from the most 
simple to the more complex, and in their description technicalities 
are avoided as much as possible. Wil h illustrations for drawing 
Flans, Sections, and Elevations of Railways and Machinery; an 

Introduction to Is triial Drawing, and an Essay on Linear 

Perspective and Shadows. Illustrated with over 200 diagrams 
engraved on steel. Tenth Thousand, revised. With an Appen- 
dix on the Theory and Application of Colors. 8vo, cloth.. $4.00 

- Geometrical Drawing. Abridged from the octavo 

edition, for the use of schools. Illn-irntpd with 4s steel plates. 
Ninth Edition. 12rao, cloth $2.00 
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MODERN METEOROLOGY. A Series of Six Lectures, 

delivered under the auspices of the Meteorological Society 
1870, Illustrated. 1 2mo. cloth . $'l 

MOORE, E. C. S. New Tables for the Complete Solu- 
tion of Ganguillet and Kutter's Formula for the flow of liquids in 
open channels. piptw, sewers and conduits. In two parte. Part I, 
arranged fur 1L1MJ inclinations from 1 over 1 to I over 21,120 foi 
fifteen different values of (n). Part II, for use with all otfad 
values of {»)• With large folding diagram. Svo, cloth, UIum 
trated nef, S5.W 

MOREING, C. A., and NEAL, T. New General and Mining 



E 



oth. 



. K " 



MOSES, A. J., and PARSONS, C. L. Elements of Miner- 
alogy, Crystallography and Blowpipe Analysis from a Practical 
Standpoint. Second Thoutand. Svo, cloth, 336 illus.. net, 92M 

MOSES, A. J. The Characters of Crystals. An Intro- 
duction to Physical Crystallography, containing 321 illustrat 
and diagrams. Svo, 21 1 pages nef, *: 



J 

MULLIN, J. P., M.E. Modem Moulding and Pattern- 
making. A Practical Treatise upon Pattern-shop and Foundr 
Work: embniciinc the M'mldiiiK of Pulleys. Spur Gears, Won 
Gears, Balance-wheels. Stationary Engine and Locomotiv 
Cylinders, Globe Valves, Tool Work, Mining Machinery, Sere 1 
Propellers, Pat tern -shop Machinery, and the latest improvi 
ments in English and American Cupolas; together with a targ« 
collection of original and carefully selected ltules and Tables 
fun- very-da v •■.■■'■ in l In' ]ir;iwii,gt Kiu'C. Put ii-rii-sln.ii mid Fuurulr, 
12mo, cloth, i"---- 



i, illustrated S! 



i.« 



MUNRO, J., C.E., and JAMIESON, A., C.E. A Pocket- 

book of Electrical Rules and Tables for the use of Electricians 
and Engineers. Fifteenth Edition, rented and enlarged. Wit I. 
numerous diagrams. Pocket size . Leather. IJ ,V 

MURPHY, J. G., M.E. Practical Mining. A Field Manual 

for Mining Engineers. With Hints for Investors 
Properties, lflmo , morocco tucks 



Minim 

. SI. i". 



rauoui MB 




HOALHAT, H. Tecbaotecv * 

TV OB Fid* of the Wart* their H«.«. i«f 
i. PKoMtkm «nd lamias* 



■"ill, J. W. Plain Practical Directions for Drawing, 



■K al partieuLars lor the Workshop wither 

=*s. Inrtodin* a Full Set of Tables o( l(rf f i>..,. 

cartas. 9eo, doth. . 11 ,* 

WTJUTDS, J. The Carpenters' and Joiners' Assistant: 
bring a Comprehensive Treatise on the Selection, I^Mnlion 
and Strength of Materials, ami tlie Mechanical Principle* of 
Framing, with their application m Canputiy, lolimj niiii 

Hand-railing; also, a Complete Trr:i!i»e on Sine*; ami an Illus- 
trated Glossary of Terms used in Arrhittvlure j.ihI Bttttduu 

Illustrated. Folio, half morocco 11 A rtl 

, F. E., A.M. Theory of Magnetic Measurements, 
with an Appendix on tbe Method of I,e«»t, Squares. Umo. 

*i no 
Treatise on Optics; or, Light and Sight 



cJoth «i,M 

'♦COHNOR, H. The Gas Engineer's Pocket-book. Com- 

i prising Tallies. Notes and Memoranda relating to the Manu- 

J failure. Diatribution mid t'sc of t'oul-gas nnd tl»- l-'on-lruelioii 

Of Gas-works. Sccomi Edition, rcritot. IZiiio, full leather, gilt 

tt.flO 
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OLSEN, J. C, Prof. Text-book of Quantitative Chemica. 

Analysis by Gravimetric, Electrolytic, Volumetric a«d Gasometnt 
Methods- With Seventy-two Laboratory Exercises giving i 
Analysis of Pure .Salts, Allnv-. MiiiTils and Technical Produ 
With" numerous figures and diagrams. 8vo. cloth.. n*(, S4 

OSRORN, F. C. Tables of Moments of Inertia, and Squares 
of Ridii of Gvnitioii; supplemented by others on the China 
and Sifo Strength of Wrought-iron Columns, Safe Strength t 
Timber Beams, ami Constants fur readily i 'blaming the Shearii 
' Stresses, Reactions and Mending Moments in Swing Bridgi 
12mo, leather. S3."" 

OSTERBERG, M. Synopsis of Current Electrical Litei 

ture, compiled fnun Technical Journals and Magazines dur 
1S95, Svo, cloth SI, 

OUDIN, M. A. Standard Polyphase Apparatus and System; 
With munv diagrams and figures. Third Edition, thorought 
revised. Fully illustrated S3 

PALAZ, A , Sc.D. A Treatise on Industrial Photometrj 

with special application to Electric Lighting. Authorised tram 
lation from the French by George W. Patterson, Jr. Sectm 
Edition, reviled. Svo, cloth, illustrated *4 n 

PARR, G. D. A. Electrical Engineering Measuring Instru 

niiTii-. for Commercial and Laboratory Purposes. With 3T 
diagrams and engravings. Svo, cloth, illustrated net, S3. S 

PARRY, E. J., B.Sc. 

and Artificial Perfui 



The Chemistry of Essential 



subject ; 

pre pa ratio 

grams and tables. Svo, cloth, illustrated, . 



— — and COSTE, J. H. Chemistry of Pigments. WHk 

tables and figures. Svo, cloth net, $4, 

PARRY, L. A., M.D. The Risks and Dangers f Varioal 

Occupations and their Prevention. A bo>>k tliat slmidd be 
the hands of manufacturers, the medical profession, naniti 
inspectors, medirnl officers of health, managers of works. Jo] 
and workmen. Svo, cloth 

PARSHALL, H. F„ and HOBART, H. M. A matu 

Windings of Eleftrie Machines. With 140 full-page phtre. 1 
tables and 165 pages of descriptive letter-press. 4 to, cloth.. ' 



ka, Foren 
tit, S3 ) 
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PASSMORE, A. C. Handbook of Technical Terms used 
in Architecture and Building, and their Allied Trades and Sub- 
jects. 8vo, doth mi, SI .50 

PATERSON, D., F.C.S. The Colo- Printing of Carpet 
Yarns. A useful manual for color chemists ami textile primers. 
With numerous illustrations. 8vo, cloth, illustrated ntt, S3 50 



— Color Hatching on Textiles. A Manual intended for 
the use of Dvers. Calico Printers nnrl Textile Color Chemists. 
Containing colored frontispiece :iiul '.' illustrations, and 14 rived 
patterns in appendix. 8vo, cloth, illustrated wf.SS.OO 

— The Science of Color Mixing. A Manual intended 

for the use of Dyers. Calico Printers, and Color Chemists. With 
figure*, tables, and colored plate. 8vo, cloth, illustrated, ntt, S3. 00 

PATTEN, J. A Plan for Increasing th; Humidity of 

the Arid Region and the Utilization of Some of the Great Rivers 
of the United St ;«t<-f* for Power nnd other Purposes. A paper 
communicated to the National [mention Congress. Ogden, Utah, 
Sept. !2, 1903. 4to, pamphlet, 20 pages, with 7 maps. ..... SI. 00 

AULDING, C. P. Practical Laws and Data on the Con- 
densation of Steam in Covered and Bare Pipes; to which is added 
a translation of Pdclet's "Theory and Experiments on the Trans- 
mission of Heat Through Insulating Materials." 8vo, cloth, 
illustrated, 102 pages ncl, S2.0Q 



B. System of 



. A. C, A.M., D.Sc. Conductors for Elec- 
trical Distribution: their Manufacture rand Materials, the Calcu- 
lation of Circuits, Pole Line Construction. Underground Working 
and other Uses. With numerous diagrams and engravings. 8vo, 

cloth, illustrated. 2-*7 pages n«f, $3.50 

Postage .25 

j J. Applied Mechanics. A Treatise for the use 

of students who have time to work experimental, numerical and 
graphical exercises illustrating the subject. Svo, cloth, 650 
net, S2.50 
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PHILLIPS, J. Engineering Chemistry. A Practical 

Treatise for the use of Analylic.il Chemists, Engineers, Iro 
Masters, Iron Founders, students and others. Comprising methoc 
of Analysis and Valuation of the principal materials used in 
Engineering works, with numerous Analyses, Examples, an 
SunKfVliims. Illustrated. Third Edition, revised and enlarges 
8vo. cloth $4.50 

Gold Assaying. A Practical Handbook giving the 

Modus Operandi for the Accurate Assay of Auriferous Ores am 
Bullion, and the Chemical Testa reqtwed in the Processes of 
Extraction by Amalgamation, Cyariiiiation and Chlorinalion. 
With an appendix of t;«l .lt.-.-i ami ,-i tati sties and numerous diagrai 
and engravings. 8vo, cloth, illustrated ......... . we' 

PICKWORTH, C. N. The Indicator Handbook. A 

tirsil Manual for Engineers. Part I. The Indicator: it 
structiou and Appli'Mi ion. Nl il lust rut ions. 1 2mo, cloth.. 

The Indicator Handbook. Part II. The Indicate 

Diagram: its Analysis and Calculation. With tables and figi 
12mo. cloth, illustrated SI ■: 

Logarithms for Beginners. 8vo, boards .... 

The Slide Rule. A Practical Manual of Instruction for 

all Users of the Modern Type of Slide Hide, containing Suecini 
Explanation of the Principle of Slide-rule Computation, togethc 
with Numerous Rules and Practical Illustrations, exhibitin " 
Application of the Instrument to the Every-dnv Work o. ._ 
Engineer — Civil, Mechanical and Electrical! Seventh Edition 
12mo, flexible cloth $1,00 

Plane Table, The. Its Uses in Topographical Survey- 
ing. From the Papers of the United States Coast Survey. 

Illustrated. 8vo, cloth $2.00 

"Thia work gives a description of the Plane Table employed al 
the United States Coast Survey office, and the manner of using it. 

PLANTE, G. The Storage of Electrical Energy, a-d 
Researches in the Effecta created by Currant*, combining Quan- 
tity with High Tension. Translated from the French by Paul 
B.'ElweU. S3 illuHtrations. 8vo, cloth J4.00 

PLATTNER'S Manual of Qualitative and Quantitative 

Analysis with the Blow-pipe. Eighth Edition, reused. Translated 
by Henry B. Cornwall. EM.. Ph.D., assisted by John H. Caswell, 
A.M. From the sixth German edition, by Prof. Friederich Kol- 
beck. With 87 woodcuts. 463 pages. 8vo, cloth... net. <\ i hi 
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PLYMPTON, GEO. W., Prof. The Aneroid Barometer: 

its Construction and Use. Compiled from several sources. 
Eighth Edition, rerined and enlarged. 16mo, boards, illus- 
trated so. SO 

Morocco 1,00 

POCKET LOGARITHMS, to Four Places of Decimals, 

including logarithms of Numbers, find Logarithmic Sines and 
Tangents to Single Minutes. To which is added a Table of 
Natural Siui-s, Tdiwiil- ami I 'o-ttingents. 16mo, boards 60 

POPE F. L. Modern Practice of the Electric Telegraph. 

A Terhni'':il Hunill k fur ElcctriciiiTis, Managers arid Operators, 

Fifteenth Edition, rewritten and enlarged, Ond /idly illustrated. 8vo, 
cloth $1.50 

POPPLEWELL, W. C. ElemeDtary Treatise on Heat and 
Heat Engines. Specially :i<lu)>tr<! f.>r engineers and studenls of 
engineering. t2mo, cloth, illustrated $3.00 

Prevention of Smoke, combined with the Economical 

Combustion of Fuel. With diagrams, figures and tables. 8vo, 
cloth, illustrated net, $3 . 50 

POWLES, H. H. P. Steam Boilers In Press. 

Practical Compounding of Oils, Tallow and Grease, for 

Lubrication, etc. By an Expert Oil Refiner. 8vo, cloth, net, $3.50 

Practical Iron Pounding. By the Author of " Pattern 
Making," etc. Illustrated with over 100 engravings, Third 
Edition. 12mo, cloth $1.50 



PRAY, T., Jr. Twenty Years with the Indicator: 

a Practical Text-book for the Engineer or the Student, 
complex Formuhe. Illustrated. 8vo, doth 



being 

rith no 
$2.50 

1 Steam Tables and Engine Constant. Compiled from 

Regnsult. Rankine and Dixon directly, making use of the 
exact records. 8 vo, cloth $2.00 

1 PREEi 

"~ 

i PREL 
tab 
bv 
311 



ECE, W. H. Electric Lamps In Press, 

Manual of Telephony. 



- and STUBBS, A. T. 

s and plates. 12mo 

PRELWI, C, C.E. Tunneling, 

tabling 149 Working Drawii 



nius- 

$4.50 



A Practical Treatise con- 

ling Drawings and Figures. With additions 
bv Charles S. Hill. C.E., Associate Editor " Engineering News." 
311 pages. Second Edition, refined. 8-vo, cloth, illus $3,00 
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PRELIM, C, C.E. Earth and Rock Excavation. A Manual 
for Engineers, Contractors mid Engineering Students. Svo, 
cloth, illustrated. About 350 pages In Press. 

PREMIER CODE. (See Hawke, Wm. H.) 

PRESCOTT, A. B., Prof. Organic Analysis. A Manual 
of the Descriptive and Analytiiid Chemistry of certain Carbon 
Compounds in Common Use; a Guide in the Qualitative and 
Quantitative Analysis of < (rgnnic Materials in Commercial and 
Pharmaceutical Assays, in I In- estimation of Impurities under 
Authorized Standards, and in Forensic i'Aaniinro inn- for Poisons, 
with Directions for Elementary Organic Analysis. Fifth Edi- 
tion. Svo, cloth $5.00 

Outlines of Proximate Organic Analysis, for the 

Identification, Separation and Quaal Ltal ive I led n nidation of 
the more commonly occurring Organic Compounds. Fourth 
Edition. 12mo, cloth $1.75 

and SULLIVAN, E. C. (University of Michigan). First 

Book in Qualitative Chemistry. For Studies of Water Solution 
and Mass Action. Twelfth 'Edition, entirely rewritten. 12mo, 
cloth nw,$i.j0 

and JOHNSON, 0. C. Qualitative Chemical Analysis. 

A Guide in the Practical Study of Chemistry and in the Work of 
Analysis. Fifth remand and enlarged edition, entirely rmfiV/.n 
With* Descriptive Chemistry extended throughout net, $3 . 50 

PRITCHARD, 0. G. The Manufacture of Electric-light 
Carbons. Illustrated. Svo. paper 60 

PULLEH, W. W. P. Application of Graphic Methods 

to the Design of Structures. Specially prepared for the use of 
Engineers. A Treatment by Graphic Methods of the Fcrce* 
and Principles necessary for consideration in the Design of En- 
gmeerim; St rue, ores, iioofs. Bridges. Trusws, Framed Structures, 
Wells, Dams, Chimneys, and Masonry Structures. 12iuo, cloth, 
profusely illustrated . nef, $2.50 

PULSIFER, W. H. Notes for a History of Lead. Svo, 
cloth, gilt top , $4 00 

PUTSCH, A. Gas and Coal-dust Firing. A Critical Review 

of the Various Appliances Patented in Germany for this purpose 
since 1KK5. With diagrams and figures. Translated from the 
German by Charles Salter. Svo, cloth, illustrated. , . , net, $3 0B 
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>YNCHON, T R., Prof. Introduction to Chemical Physics, 
designed for the use of Academies, Colleges and High Schools. 
Illustrated with numerous engravings, and containing copious 
experiment*, frith di reef inns fur preparing them. Nar Edition, 
rented and enlarged , and illustnitvd bv 2(iK wood engravings, 8VO, 
cloth , $3.00 

IADFORD, C. S-, Li ut. Handbcok en Naval Gunnery. 
Prepared by Authority of the Navv Department. For the use 
of U. S. Navy, U. S. Marine Corps, and U. S. Naval Reserves. 
Revised and enlarged, with I lie assistance- c.f Stokely Morgan, 

Lieut. U. 8. N. Third Edition, rowed and enlarged. 13 , 

flexible leather $2 00 

ilAFTER, G. W. Treatment of Septic Sewage (Van 

Nottrand'B Science Series, No. 118). lomo, doth. . .SO 

Tables for Sewerage and Hydraulic Engineers. In Press, 

and BAKER, M. N. Sewage Disposal in the United 

States. Illustrations ami folding plates. Third Edition. Svo, 
clolh Sfi 00 

RAM, G. S. 



RAMP, H. M. Foundry Practice In Press 

RANDALL, J. E. A Practical Treatise on the Incan- 
descent Lamp.. 16mo, cloth, illustrated SO 

RANDALL, P. H. Quartz Operator's Handbook. New 
Ediiinn, mated awl tnlargtd, fully illustrated. l'Jtnu, doth, $2.00 

IAHDAU, P. Enamels and Enamelling. An introduction 

to the preparation and application of all kinds of enamels for 
tecluiieai and artistic purpose*. for en am el -makers, workers 
m gold and silver, and manufacturers of objects of art. Third 
German Ediiinn. Translated l.v Charles Salter. With figures, 
diagrams and tables. Kvo, cloth, illustrated nef,$4 00 

tANKINE, W. J. M. Applied Mechanics. Comprising 

tin- Principles oi Stalii'S ami Ci'inriatii-s, :md Theory of Struc- 
tures, Mechanism, and Machines. With numerous, diagrams. 
Seventeenth Edition, thorouglilv revised bv" W. J. Millar. 8vo, 

cloth $5.00 

— Civil Engineering. Comprising Engineering Sur- 
veys, Forth work, Foundations, Masonry, Carpentry, Metal- 
work, Roads, Railways, Canals, Rivera, Water-works, Harbors, 
elc. With numerous tables and illustrations. Tu-enty.j\rst 
Edition, thoroughly revised by \V. J. Millar. 8vo, cloth $6.50 
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RANKIHE W. J. M. Machinery and Millwork. Ci 

8 rising the Qootnotiy, Motion*, Work. Strength. Con .^ruction, 
bjecle of Machines, etc. Illustrated with nearlv 800 wood 

Seixnth Edition, thoroughly revised by W. J. Millar 
cloth 

The Steam-engine and Other Prime Hovers. 9 

diagram of the Mechanical Properties of Steam. Folding pu 
numerous Utiles and illustrations. Fifteenth Edition, ^ 
oughly revised by W. J. Millar. 8*0, cloth 

Useful Rules and Tables for Engineers and Oth 

With A|i)>t-]jili\ , T;il ili*. Tests and Formula for the use of I 
trical Engineers. Comprising Submarine Electrical Engineer 
Electric Lighting and Transmission of Power. Bv Am 
Jamieson. C.E., F.R.S.K. Seoentk BMtOM, thoroughly ret 
by W.J. Millar. 8vo, clotb 

and BAMBER, E. F., C.E. A Mechanical Text-bo 

With numerous illustrations. Fifth Edition. Svo. cloth 



RAPHAEL, F. C. Localization of Faults in Elect 
Light and Power Mains, with chapters on Insulation Test 
With figures and diagrams. Second Edition, rtrittd. 

cloth, illustrated. net, S3 

RAYMOND, E. B. Alternating -current Engineering Pr 

tically Treated. With numerous diagrams and figima. '" 
cloth ... ji 

RAYNER, H. Silk Throwing and Waste Silk Spinnu 

diagrams and figures. Svo, cloth, illusti 



RECIPES for the Color, Paint, Varnish, Oil, Soap i 

Drvsaltery Trades. Compiled by an Analytical Chemist. S 

'"•"'■" : « 

RECIPES FOR FLINT GLASS MAKING. Being Lex 

form the mixing-book of several experts in the Flint Glass Tri 
Containing up-to-date recipes and valuable information as 
Crystal, Demi -crystal, and Colored Glass in its many variet 
It contains the recipes for cheap metal suited to pressing, blovi 
etc., as well as the most costly Crystal and Ruby. British m 
faeturers hare kept tip the duality of this glass from the arrival 
the Venetians to Hungry Hill, Stourbridge, up to the pre* 
time. The book also contains remarks as to the result of 
metal as it left the pots by the respective metal mixers, t ' 
from their own memoranda upon the originals. " 
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ED'S ENGINEERS' HANDBOOK, to the Local Marine 
Board Examinations for Certificate of Competency as First and 
Second Class Engineers. By W. H. Thorn. With the answers 
to the Elementary Questions. Illustrated by 35S diagrams 
and 37 large plates. Seventeenth Edition, rtVMfd and enlarged. 
Svo, cloth. (5 00 

Key to the Seventeenth Edition of Reed's Engineer's 

Handbook to the Board of Trade Examination for First ami 
Second Class Engineers and containing the workings of all the 
questions given in the examination papers. Bv W. H. Thorn. 
Svo, cloth. $3 00 

P- Useful Hints to Sea-going Engineers, and How to 
Repair and Avoid "Breakdowns ": also Appendices containing 
Boiler Explosions, Useful Formulas, etc. With 42 diagrams 
and 8 plates. Third Edition, revised and enlarged. 12mo, 
cloth 11.50 

Marine Boilers. A Treatise on the Causes and Pre- 
vention of their Priming, with Remarks on their General Manage- 
ment. 12mo, cloth, illustrated $2.00 

EtEINHARDT, C. W. Lettering for Draftsmen, Engineers, 
and Students. A Practical System of Free-hand Lettering; for 

Working Drawings. He vised and enlarged edition. Thirteenth 
Thousand. Oblong, boards SI. 00 

The Technic of Mechanical Drafting. A Practical 

guide to neat, correct and legible drawing, containing many illus- 
trations, diagrams and full-page plates. 4to, cloth, illus. , . $1.00 

REISER, F. Hardening and Tempering of Steel, in Theory 

and Practice. Translated from the German of the third and 
enlarged edition, by Arthur Morris and Herbert Kob»on. 8vo, 
cloth, 120 pages $2.50 

REISER, N. Faults in the Manufacture of Woolen Goods, 

and their Prevention. Translated from the second German 
edition, by Arthur Morris and Herbert liobson. Svo, cloth, 
illustrated. net, $2 .50 

Spinning and Weaving Calculations with special 

reference to Woolen I abrics. Translated from the German by 
Chas. Salter Svo, cloth, illustrated net, $5.00 

RICE, J. M., and JOHNSON, W. W. On a New Method 
of Obtaining the Differential of Functions, with especial refer- 
ence to the Newtonian Conception of Kates or Velocities. 12mo, 
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RINGWALT, J. L. Development of Transportatkn Sys- 
tems in the l"niu-<l Stales, comprising a Comprehensive Iies-np- 
tlon of the leading features of advancement from the 
era in tin' present time, in water channels, roads, tumpiki 

canals, railways, vMwb, vehicle", ears, and bw rmnt i vw; i: 
cost of transportation at various periods and places liv i: . 
eat methods; the financial, enrinsering, rnnrrfninal govern- 
mental and popular questions that have arisen, and notable 
incidents in mil way history, construction and ope rati 
illustrations of hundreds of typical objects. Quarto, half 



P.I 



PER, W. A Course of Instruction in Machine Drawing 

ind Design for Technical Schools and Lugiiicor Siui. 



- and numerous ■ 



lalory engravings. 



ROBERTSON, L. S. Water-tube Boilers. Based on i 

short course of Lectures: delivered at L'niversitv College, London. 
With upward of 170 illustrations and diagrams. Mo, <-Wli. 
Illustrated S3 00 

ROEBLING, J. A. Long and Short Span Railway Bridges. 
Illustrated with large copper-plate engravings of plans and w.-av 
Imperial folio, cloth KS.00 

ROSE, J., M.E Th? Pattern-makers' Assistant. Embrac- 
ing Lathe Work, Branch Work, Core Work, Sweep Work tad 
Priioticul ticar Const met ions, the Preparation and I. se of Took. 
together with a large collection of useful and valuable TbbtM. 
Nirtih Edition. With 250 engravings. 8vo, cloth. . *2 5t> 

Key to Engines and Engine-running. A Practical 

Treatise upon the Management of Steam-engines and HonVm for 

the use of those who desire to pass an examjnal 

charge of an engine or boiler. With numerous illustration*. 

and Instructions upon Engineers' Calculation! 

Diagrams, Engine Adjustments and other Valuable lui.irmnii, 

iicccsmrv fur Kiigini-ers innl Firemen. 12mo, cloth. Illus . $2.50 

ROWAN, F. J. The Practical Physics of the Modern 

Steam-boiler. With an Introduction by Prof. R. H. Thur. 

With numerous illustrations and diagrams. 8vo, ttetk, ■■[]■ ..,. 
t rated $7 SO 

SABINE, R. History and Progress of the Electric Tele- 
graph. With descriptions of some of the apparatus. Sreend 
Edition, with addition*. 12nio, cloth (1.25 
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SALOMONS, Sir D., M.A. Electric-light Installations. 
A Practical Handbook. Eighth Edition, recited and enlarged. 
irttn nttrnerout illustration*. Vol. I., The Management of Accu- 
mulators. !2mo, cloth.. SI ,60 

Vol. II., Apparatus. 296 illustrations 12mo, cloth $2.25 

Vol. III.. Applications. 12nio, cloth 11.50 

5ANFORD, P. G. Nitro-explosives. A Practical Treatise 

concerning the Properties, Manufacture mill Analysis of Nitrated 
Suhetenceji, including the Fulminates, Smokeless Powders and 
Celluloid. Svo, cloth. 270 pages $3.00 

SAUNDERS, C. H. Handbook of Practical Mechanics 

for use in the Shop and Draughting- room : containing TnhW, 
Rules and Formula, and Bolutioni <>f Practical Problems by- 
Simple and Quick Methods. 16mo, limp cloth Si - 00 

SAUNHTER, C. Watchmaker's Handbook. A Workshop 

Companion for those engaged in Wnii-litnrikinn and allied Mcchau- 
ic.il Arts. Translated by J. Tripplin and E. lligg. Second Edi- 
tion, recited, with appendix. 12nio, cloth $3 . 50 

SCHELLEN, H., Dr. Magneto-electric and Dynamo- 
electric Machines: their Construction and Practical Application 
to Electric Lighting, and the TraiiHuiix.'-ioii of Power. Trans- 
lated from the third (itrman edition by N. S. Keith and Percy 
Nevmann, Ph.D. With verv large addition* mid note* relating 
to American Machines, by N. S. Ksith. Vol. 1, with 353 illus- 
Second Edition.' Svo, cloth $5 00 



SCHUMANN, F. A Manual of Heating and Ventilation 

in its Practical Application, for the use of Engineers and Archi- 
tects. Embracing a Series of Tables ami Foriiuilie for Dimensions 
of Heating. Flow and Return Pipes for Steam and Hot-water 
Boilers, Flues, etc. 12mo, illustrated, full roan $1.50 

SCHMALL, C. N., and SHACK, S. M. Elements of Plane 
Geometry. An Elementary Treatise. With, many examples and 
diagrams. 12mo, half leather, illustrated net, $1 .25 

SCIENCE SERIES, The Van Nostrand. (Follows end of 



D. VAN NOSTHAND COMPANY'S 



SCRIBNER, J. M. Engineers' and Mechanics' 



■ and Cube Roots, Circumference ami Ah* 



Hvdratilics. Statics, Centres of Percussion and Gyration, . 
Heat, Tables of the Weight d Hetale, Scantling, etc., 



nd Steam-engine. Twenty- fir*! Edilw 



tl 
SEATON, A. E. A Manual of Marine Engineering. 

Sising the Designing, Construe I inn and Working of MsriM 
nchinery. With numerous tables and illustrations reduced Im 
Working Drawings, nth Bditwm, revised throughout, wita 
additional chapter on Water- tube Rollers. 8vo, clotb. . V' 

and ROUNTHWAITE, H. M. A Pocketbook 

Marine Engineering Itulcs and Tables. For the use of Matin 

Engineers and Naval Architects. Designers. 

Superintendents ami all etigrtgi'd in tin 1 

or Marine Machinery, Naval and Mercantile. S 

reristd and enlarged. Pocket size. Leather, with diagrams (3 

SEELIGMANN, T., TORRILHON, G. L., and FAIXONNET, 
H India Rubber and Gntta Percha A complete prartio! 
treatise on India Rubber and Gutta Percha. in their h 
botanical, nrborieultural, mechanical, chemical and eteetriral 
aspects. Translated from the French, bv John Geddea Hi 
8vo, cloth, illustrated, 412 pages Mf,f7.3t 

SEVER, G. F., Prof. Electrical Engineering Experi- 
ments and Tests on Direct-current Mb ' ' 
and figures. Svo pamphlet, illustrated. 

and TOWHSEHD, F. Laboratory and Factory Tests 

in Electrical Engineering. Svo, doth, illustrated, about 235 
pages . In Pltm 

SEWALL, C. H. Wireless Telegraphy. With diagrams 

and engravings. Second Edition, rorreeted. Svo, cloth, Bns- 

truted. net, %2 l>fl 

or use as a text-book 
t vidua! students. Illustrated. 

12mo, cloth ". SI 

SEWELL, T. Elements of Electrical Engineering. 

First Year's Course for Students, Second Edition, revised, with 
additional chapters on Alternating-current Working and Ap- 
pendix of Questions and Answers. With many diagrams, tables 
and examples. Svo, cloth, illustrated, 432 pages net, if i". 1 
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SEXTON, A. H. Fuel and Refractory Materials. 8vo, 
cloth $2.00 

Chemistry of the Materials of Engineering. A Hand- 
book for Engineering Students. With tables, diagrams and 

illustrations. 12mo, cloth, illustrated S2.50 

SEYMOUR, A. Practical Lithography. With figures and 

engravings. 8vo, cloth, tllus[r:.tnl net, 12.50 

SHAW, S. The History of the Staffordshire Potteries, and 

the Rise and Progress of the Manufacture of Pottery and Por- 
celain; with references to genuine specimens, and notices of 
Kminent potters. A re-issue of the original work published in 
829. 8vo, cloth, illustrated net, 13.00 
Chemistry of the Several Natural and Artificial 
Heterogeneous Compounds used in Manufacturing Porcelain, 
Glass and Pottery. Re-issued in its original form, published in 
1837. 8vo, cloth net. So. 00 

AW, WM. J., Lieut.-Col. Studies in Map Reading 

-uid Field Sketching. An aid to passing outdoor examinations in 

• subjects. Illustrated with 15 folding plates. 12mo, cloth, 

trated, 148 pages nei, S2 50 

-Tactical Operations for Field Officers: being Up-to- 
date schemes worked out on training grounds at home stations. 
With folding plates and maps. 12mo, cloth, illustrated, 321. 
pages. S3. 00 

SHELDON, S., Ph.D., and MASON, H., B.S. Dynamo- 
electric Machinery: its Construction, Design and Operation. ' 
Direct-current Machines. Fourth Edition, revised. 8vo, cloth, 
illustrated net, $2 . 50 

Alternating-current Machines: bring the second 

volume of rlv- ; ml bur's " 1 lyiinnio-elecl ric Machinery : it.' Construc- 
tion, Design and Operation." With many diagrams and figures. 
(Binding uniform with volume I.) Third Edition. Svo, cloth. 
illustrated. net, 12 ,60 

iHERRIFF, F. F. Oil Merchants' Manual, and Oil Trade 
Ready Reckoner. With two sheets of tables. Second Edition, 
revised and enlarged, Svo, cloth net, S3. 50 

SHIELDS, J. E. Notes on Engineering Construction. 

Embracing Discussions of the Principles involved, and Descrip- 
tions of the Material employed in Tunneling, Bridging, Canal and 
Road Building, etc. 12mo, cloth SI .50 
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SHOCK, W. H. Steam Boilers 

tion and Management. 4to, '. 



their Design, Construc- 



H. A Treatise on the Strength of Brii 



:(igr 



;, I.euf.icultir and other Trusses, from fixed and n 



cloth. . 

SHUNK, W. F. The Field Engineer. A Handy Book 

of practice in the Survey, Location and Truck-work of Railroad 
containing a laree collection of Rules and Tables, original an 
selected, applicable to hoth the Standard and Narrow Gauge, 

and prepared with .-jici'i:il reference to the wants of the 

Engineer. Sixteenth Edition, revised arid enlarged. 
addenda. 12mo, morocco, tucks 



SIMMS, F. W. A Treatise on the Principles and Practice 

of Leveling. Showing its application to purposes of Railw 
Engineering, and the I 'met ruction of lloails. etc. Revised i 
Corrected, with the addition of Mr. Laws' Practical Examples 
setting out Railway Curves, Illustrated. 8vo, cloth t'2. 

Practical Tunneling. Fourth Edition, Revised a 

greatly extended. With additional couplers illustrating rect 
practice l>v D. Kinncar Clark. With 30 plates and other illusti 
tiona. Imperial 8vo, cloth. *12 00 

SIMPSON, G. The Naval Constructor. A Vade Mecum 

of Ship Design, fur Students, Naval Architects, Ship Guilders 
Owners, Murine Superintendents, Knginecre and Draughtsi 
12mo, morocco, illustrated, 500 pages. . 85. » 

SLATER, J. W. Sewage Treatment, Purification 

l'tiliiation. A Practical Manual for the Use of Corpon 
Local Boards, Medical ( (Hirers of Health, Inspectors of Nuis 
Chemists, Manufacturers, Riparian Owners, Engineers and Rate- 
payers. 12mo, cloth "" 

SMITH, I. W., C.E The Theory of Deflections and ( 

Latitudes and Departures With special applications to Curr 
linear Surveys, for Alignments of Railway Trucks. Illustrate! 
16mo, morocco, tucks 



SMITH, J. C. Manufacture of Paint. A Practical Hand 
book for Paint Manufacturers. Merchants «"d Painters Wrt 
60 illustrations and one large diagram. Svo, cloth,... nrittS.O 
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SHELL, A T. Electric Motive Power: The Transmission 

and Distribution of Electric Power by Continuous and Alternate 
Currents With a Section on the Applications of Electricity to 
MiningWork. Second Edition. Svo, cloth, illustrated $4.00 

SOXHLET, D. H Art of Dyeing and Staining Marble, 
Artificial Stone, Bone, Ham, Ivory and Wood, and of imitating 
all sorts of Wood. A practical Handbook for the use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella 
Makers, Comb Makers, etc. Translated from the German by 
Arthur Morris and Herbert Robson, B.Sc. 8vo, cloth, 170 
pages. net, S2 50 

SPANG, H. W A Practical Treatise on Lightning Pro- 
tection. With figures mid diagram* 12mo, cloth SI. 00 

SPEYERS, C. L. Text-book of Physical Chemistry. 
Svo, cloth. 12.25 

STAHL, A. W., and WOODS, A. T. Elementary Mechan- 
ism. A Text- book for Students of Mechanical Engineering, 
Thirteenth Edition, enlorgtd. 12mo, cloth S2 .00 

STALEY, C, and PIERSON, G. S. The Separate System 

of Sewerage: its Theory and Construction. Third EJili-n, 
retimed and enlarged. With chapter on Sewage Disposal. With 
maps, plates and illustrations. Svo, cloth 13.00 

STASDAGE H. C. Leatherworkers' Manual: being a 

Compendium of Practical Kecipiw and Working Formuhe for 
Curriers. Hoot-makers. Leather Dressers. Blacking Manufac- 
turers, Saddlers. Fancy Leather Workers and all persons en- 
gaged in the manipulation of leather. Svo, cloth net, S3. 50 

— Sealing Waxes, Wafers and Other Adhesive . For 

the Household, Office, Workshop and Factory. Svo, cloth, 9fi 
pages net, S2 .00 

STEWART R. W. A Text-book of Light. Adapted to 

the Requirements of the hitcrrnciliiile Siii-nee and Preliminary 
Scientific Examinations of the University of London, and also 
lor General Use, Numerous diagrams and examples. 12mo 
cloth SI ,00 

— Text-book of Heat. Illustrated. Svo, Cloth, ti.oo 

— Text-book of Magnetism and Electricity. 160 Illus- 
trations and numerous examples. 12mo, cloth SI -00 

— Elementary Text-book of Magnetism and Electricity. 

With numerous figures and diagrams. 12mo, cloth SI .1X1 






50 D. VAN NOSTRAND COMPANY'S 

STILES, A. Tables for Field Engineers. Designed for 

Use in the Field. Tables containing all the Functions of a One 
Degree Curve, from which a corresponding one can be found lot 
any required Degree. Abo, Tables of Natural Since and Tangcn la. 
12mo, morocco, tucks $2 00 

STLLLMAN, P. Steam-engine Indicator and the Improved 

Manometer Steam nnd Vacuum Gauges; their Utility and Appli- 
cation. New edition. 12mo, flexible cloth $1.00 

STODOLA, A. Dr. The Steam Turbine. With 300 dia- 

i and illustrations. Authorized translation by Dr. L. C. 



STONE, R„ Gen'l. New Roads and Road Laws in the 
United States, 200 pages, with numerous illustrations. 12mo, 
cloth Jl .00 

STONEY, B. D. The Theory of Stresses in Girders and 

Similar Structures. With Observations on the Application of 
Theory to Practice, and Tables of Strength, and other Properties 
of Materials, ffmt nvited edition, with numerous additions on 
Graphic Sialics, Pillars, Steel, Wind Pressure. 1 Isi'illiiting Stresses, 
Working Loads, Riveting, Strength and Tests of Matprialfl. 
777 pages, 143 illus. and 5 folding-plates. 8vo, cloth. ... 112.50 

STUART, C. B., U.S.N. Lives and Works of Civil and 

Military Engineers of America. With 10 steel-plate engraving*. 
8vo, cloth IS. 00 

The Naval Dry Docks of the United States. Illus- 
trated with 24 fine engravings on steel. Fourth Edition. 4to, 
cloth $0 00 

SUFFLING, E. R. Treatise on the Art of Glass Painting. 

Prefaced with a Review of Ancient Glass. With engravings and 
colored plates. 8vo, cloth net, S3 50 

SWEET, S. H. Special Report on Coal, Showing its Dis- 
tribution, Classification, and Costs delivered over Different Routes 
to Various Points in the State nt New York and the Principal 
Cities on the Atlantic Coast. With maps. Svo, cloth S3 00 

SWOOPE, C. W. P actical Lessons in Electricity; Prin- 
ciples, Experiments and Arithmetical Problems. An Elementary 

Text-ljfiiik. With ijiirniTiius tallies, formute, and two largs '- 
struction plates. Svo, cloth, illustrated. Fifth Edition, .net, \ 
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IAILFER, L. Practical Treatise on the Bleaching of 

Linen and Cotton Yarn and Fabrics. With tables and diagrams. 
Translated from the French by John HciMcs Mcintosh. 8vo, 
cloth, illustrated net, $5-00 

rEMPLETON, W. The Practical Mechanic's Workshop 

Companion. Comprising a (peat, variety of the most useful 
rules and formula' in Mechanical Science, with numerous tables 
of practical data and calculated results facilitating mechanical 
operations. Revised and enlarged by W, 8. Huttou. 12nio, 
12.00 



[ESLA, N. Experiments with Alternate Currents of High 

Potential and High Frequency. A Lecture delivered before the 
Institution of Elect rii-al Engineers, London. With a portrait 
and biographical sketch of the author. With figures and dia- 
grams. 12mo. cloth, illustrated. New Edition In Press. 

rHOM, C, and JONES, W. H. Telegraphic Connections: 

embracing Recent Methods in Quadruples Telegraphy. 20 full- 
page plates, some colored. Oblong, 8vo, cloth 11.60 

THOMAS, C. W. Paper-makers' Handbook. A Practical 

Treatise. Illustrated In Press. 

THOMPSON, A. B. Oil Fields of Russia and the Russian 

Petroleum Industry. A Practical Handbook on the Explora- 
tion, Exploitation, and Management of Russian Oil Properties, 
including Notes on the Origin of Petroleum in Russia, a Descrip- 
tion of the Theory and Practice of Liquid Fuel, and a Translation 
of the Rules and Regulations concerning Russian Oil Properties. 
With numerous illustrations and photographic plates and a map 
of the Balakhany-Saboontchy-Romany Oil Field. 8vo, cloth, 



illustrated. 



. ™<,$15 00 



THOMPSON, E. P., M.E. How to Make Inventions; 

or, Inventing as ;i Science* and an Art. A Practical Guide for 
Inventors. Second Edition. 8vo, boards $1 .00 

Roentgen Rays and Phenomena of the Anode and 

Cathode. Principles, Applications, mid Theories. For Students, 
Teachers, Physicians. Photographers, Electricians and others. 
Assisted bv Louis VI. Pignolet, N. I). ('. Hodges and Ludwig 
Gutmann, FJ.E. With a chapter on Gene raliiat ion s, Arguments, 
~ eories, Kindred lliuliiitions and Phenomena. By Professor 
>, cloth. .. SI. GO 



i. Anthony. 50 diagrams, 40 half-tones. 
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THORNLEY. T. Cotton Combing Machines. With 
merous tables, engravings and diagrams. Svo, cloth, illusti 

343 pages net. 1 

Content*. — Preface; List of Illustrations; The Silver L»p 
chine; Ribbon Lap Machine anil Draw-frame; General Do 
lion of the Heilmsnn Comber; The Cam Shaft; The Det* 
and Attaching Mechanism of the Comber; Th> ! ■ 
Resetting of Combers; The Erection of a HeUtnann Cot 
Stop Motions; Various Calculations; Various Notes and 
cussions; Col Ton I 'i milling Machines of Continental 

TODD, J., and WHALL, W. B. Practical Seaman 

for t'ae in the Merchant Sen-it's: including all ordinary sub 
also Steam Seamanship, Wreck Lifting. Avoiding < '..Uisiim 
Splicing, Displacement and everything MMosmq 
by seamen of the present day. Fifth Edition, with HI 
trations mid diagram*. Bvo, doth- net, 

TOOTHED GEARING. A Practical Hand book for Ofl 
and Workshops. By a Foreman Patternmaker. 1S4 ilia 
lions. 12mo, cloth 

TRATMAN, E. E. R. Riilway Track and Track-w 

With over 200 illustrations. Svo, cloth 

TRAVERSE TABLE, Showing Latitude and Depar 

for each Quarter Degree of the Quadrant, and for Distances fn 
to 100. to which is appended a Table of Natural Sines and 
gents for each five minutes of the Quadrant. lReprint«d 
Scribner's Pocket Table Book.) Kan JVostrarufs Science & 

16mo, cloth. . . 

Morocco 

TREVERT, E. How to Build Dynamo-electric E 

embracing Theory, Designing, and Construction of Dvtiamc* 
Motors, Willi appendices on Field Magnet and Aim. 
Winding, Management of Dynamos and Motors, and l"s 
Tablos»of Wire Gauges. Svo, cloth, illustrated K 

Electricity and its Recent Applications. A Pract 

Treatise for Students ant! Amateurs, with mi Ulustml.-d Dlettoi 
of Electrical Terms and Phrases. 12mo, cloth. $2 

TUCKER, J. H., Dr. A Manual of Sugar Analysis, 

eluding the Applications in Genera! of Analytical Methods tu 
Sugar Industry. With an Introduction on the Chemisirr 
Cane-sugar, Dextrose, Levulose and Milk-sugar. Svo, ck 
illustrated , S3 
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0., Dr. Potential and it; Application to the 
Explanation of Electric Phenomena, Pbputariv Treated. Trans- 
lated from the German by D. Robertson. £2ino, doth, ill. f 1 25 

"UTTNER, P. A. Treatise on Roll-turning for the Manu- 
facture of Iron. Translated and adapted by John B. Pearse, of 

Ihe Pennsylvania StJtrl Works, with mimenius engravings, wood- 
cute. 8vo, cloth, with folio atlaa of plates $10 00 

JNDERHLLL, C. R. The Electro- magnet. N w and 
rmurd atition. 8vo, cloth, illustrated $1 50 

TRQUHART, J. W. Electric Light Fitting. Embodying 

Practical Notes, on InstalLiliuiL Managi'iiit-cit. A Handbook for 
Working Electrical Engineers. With numerous ill us I rut inns. 
12mo, cloth |2 00 

Electro-plating. A Practical Handbook on the Depo- 
sition of Copper, Silver, Nickel, Gold, Brass, Aluminium, Plati- 
num, etc. Fourth Edition. 12rao $2 00 

Electrotyping. A Practical Manual Forming a Hew 

and Systematic Guide to the Reproduction and Multiplication of 
Printing Surfaces, etc. 12mo $2.00 

Dynamo Construction. A Practical Handbook for the 

Use of Engineer Constructors mid Electricians in Charge, em- 
bracing Frame Work Building. Field M agnet and Armature 
Winding and Grouping. ('< impounding, etc., with Examples of 
Leading English, American and 1 out mental I Knamo? and Motors, 
with numerous illustrations. 12mo, cloth 93.00 

Electric Ship Lighting. A Handbook on the Practical 

" ,tinn and Running "f Ship's Electrical Plant. For the Use of 

ip Owners, and Builders. Murine Electricians and Sou-going 

gineers-in-Charge, Numerous illustrations. 12mo, cloth, 

S3. 00 

UNIVERSAL TELEGRAPH CIPHER CODE. Arranged 
for General Correspondence. 12mo, cloth SI .00 

VAN NOSTRAND'S Engineering Magazine. Complete Sets, 

1B6S to 1886 inclusive, lift vols. , in cloth $00 . 00 

" " in half morocco $100.00 

Year Book of Mechanical Engineering Data. With 

many tables and diagrams, (First Year of issue 190fi.) In Prai. 
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VAN WAGENEN, T. F. Manual of Hydraulic Mining. 

For the Use of the Practical Miner. Revised aiui enlarged edition. 
18mo, doth $1 ,00 

VILLON, A. M. Practical Treatise on the Leather Industry. 
With un tablet wtd I B n rt i mt ioni tad ■ dobEoui index. A trans- 
lation of Villon's "Tmite Pratique de In Fabrication dea Cuirs et 
du Travail dcs Peau\," by Frank T. Addyman, B.Se. 8vo. 
cloth, illustrated net, 110.00 

VINCENT, C. Ammonia and its Compounds: their 

Manufacture and Uses. Translated from the French by M. J, 
Salter. 8vo, cloth, illustrated net, 82 00 

VOLK, C. Haulage and Winding Appliances Used in 

Mines. Willi jiLilcs and nmravings Translated fruiti the Ger- 
man. 8vo. cloth, illustrated net, S4. 1)0 

VON GEORGIEVICS, G. Chemical Technology of Textile 

Fibres: their Origin, Structure, Preparation. Washing, Bleaching, 
Dyeing, Printing, ;ind Dressing. Translated from the German 
liv I 'hark'.-. S:ilti-r W ii.h nuiiiv diagrams and ligurea. 8vo, cloth, 

illustrated. 31(0 pages. , net, *4 . M 

Contents. — The Textile Fibres; Washing. Bleaching, and Car- 
bonizing; Mordants and .Mordanting; Dyeing, Printing, Dressing 
and Finishing: Index. 

Chemistry of Dyestuffs. Translated from the Second 

Germmedition by Chas. Salter. Svo, cloth, 412 pages. . . net, $4 . .SO 

WABNER, R. Ventilation in Mines. Translated from 
the, German by Charles Salter With plates and engraving" 
Svo, clol a, iiiii-1 riiii .[, 240 pages net, $4 50 

WADE, E. J. Secondary Batteries: their Theory, Con- 

uction and Use. With innumerable diagrams and figures. 
>, cloth, illustrated, 492 pagea net, MOO 



WALKER, F., C.E. Aerial Navigation. A Practical 

Handbook on the t.'rmstruclion of Dirigible Balloon*, At-roataU, 
Aeroplanes and Acromotors. With diagrams, tables and illus- 
trations. 8vo, cloth, illustrated, 151 pages net, $3.00 

WALKER, W. H. Screw Propulsion. Notes on Screw 
Propulsion; its Rise and History. Svo, cloth $0 75 

WALKER, S. F. Electrical Engineering in Our Homes 

and Workshops. A Practical Treatise on Auxiliary E!eetric«l 
Apparatus. Third Edition, revised, with numerous •iiustrtitum*. 
Svo, cloth *2.00 
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WALKER, S. F. Electric Lighting for Marine Engineers, 

or How to Light nslii|) l>v tlji- l.li-iirir Light ami How to Keep the 
Apparatus b Order. 103 illua., 8vo, cloth Second Edition . .$2.00 

WALLING, B. T„ Lieut. Com. U.S.N., and MARTIN, JULIUS. 

Elii-t riiMil Installations of tin- I'riifed Slates Navy. With many 
diagrams and engravings. 8vo, cloth, ill ust rated In Prens. 

WALLIS TAYLER, A. J. Modem Cycles, a Practical 

Handliook on Their Construction and Repair. With 300 illustra- 
ti-ns. 8vo, cloth $4.00 

Motor Cars, or Power Carriages for Common Roads. 

With numerous illustrations. 8vo, cloth SI .81) 

Bearings and Lubrication. A Handbook for Every 

user of Machinery. Fully illustrated, Svo, cloth $1 .50 

Refrigerating and Ice-making Machinery. A Descrip- 
tive Treatise for the use of piT-sons employing refrigerating and 
tee-making installations, and others. Svo, cloth, illustrated. S3. 00 

Refrigeration and Cold Storage : being a Complete 

practical treatise on the art and science of refrigeration. 800 
pages, 301 diagrams and figures. Svo, cloth ncl, $4.50 

Sugar Machinery. A Descriptive Treatise, devoted 

to the Machinery and Apparatus used in the Manufacture of 
Cane and Beet Sugars. 12mo, cloth, illustrated $2,00 

WATTKLYN, J. A. A Practical Treatise on the Exam- 
ination of Milk and its Derivatives, Cream, Butter and Cheese. 
12mo, cloth $1 .00 

Water Analysis. A Practical Treatise on the Exam- 
ination of Potable Water. Tenth Edition. 12mo, cloth $2.00 

WANSBROUGH, W. D. The A B C of the Differential 
Calculus, 12mo, cloth $1 . 50 

WARD, J. H. Steam for the Million. A Popular Treat- 
ise on Steam, and its application to the Useful Arts, especially to 
Navigation. Svo, cloth $1.00 

WARING, G. E., Jr. Sewerage and Land Drainage. 

Illustrated with woodcuts in the text, and full-page and folding 
plates. Quarto. Cloth. Third Edition $6 . 00 
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WARING, G. E., Jr. Modern Methods of Sewage Disposals 

for Towns. Public- Institutions anil Isolated Houses. Stcuwi 
Edition, revised and enlarged. 260 pages. Illua. Cloth... #2.00 

How to Drain a House. Practical Information for 

Householders. Third Edition, enlarged. 12mo, cloth. .... $1,25 

WATSON, £. P. Small Engines and Boilers. A Manua 1 

of Concise and Specific Directions for the Construction of Small 
Steam-engines and Boilers of Modern Types from five Horse- 
power down to model sizes. Illustrated with Numerous Dia- 
grams and Half-tone Cuts. 12mo, cloth. $1 .25 

WATT, A. Electro-plating and Electro-refining of Metals: 

being a new edition, of Alexander Watts* "Electro-Deposition. '' 
Revised and largely reitrilten by Aniuld I'lnlip. M.Sc. With 
numerous figures and engravings, 8vo, cloth, illustrated, 681) 
pages net, $4 . 50 

Electro-metallurgy Practically Treated. Eleventh 

Eilitwn, conaiderabty • idaryvd. l2mo, cloth. , $1 .00 

— — - The Art of Soap-making. A Practical Handbook of 

the Manufacture of Hard and Soft Soups, Toilet Soaps, etc. In- 
cluding many New Processes, ami a Chapter on the Recovery of 
Glycerine from Waste I.ves. With illustrations. Fifth Edition, 
revised and enlarged. 8vo, cloth $3 .00 

The Art of Leather Manufacture : being a Practical 

Handbook, in which the Operations nf Tanning, Cunyine and 
Leather Dressing are Fully Described, and the Principles of 
Tanning Explained, and many Recent Processes Introduced. 
With numerous illustrations. Second Edition. Svo, cloth. . $4.00 

WEALE, J. A Dictionary of Terms Used in Architecture, 
Building, Engineering, Mining. Metullargy, Archaeology, the Kine 
Arte, etc., with explanatory nWrvutioiis connected, with applied 
Science and Art. Fifth Edition, revised and corrected. 12mo. 
eloth $2 . 50 



— The Telephone Handbook. 

pages, lumo, cloth 



T.28 Illustrations. 



rrans- 
. $1.00 
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WEISBACH, J. A Manual of Theoretical Mechanics. 
Ninth American edition. Translated from the fourth augmented 
and improved German edition, with an Introduction In the Calculus 
by Eckley B. Coxc. A.M., Mining Engineer. 1,100 pages and 902 

woodcut illustrations. 8vo, cloth 86.00 

Sheep $7.50 

Mechanics of Air Machinery. Translated with an 

Appendix on American Practice by 1'rof. A. Trowbridge. Columbia 
L niversity In Prist. 

WESTON, E. B. Tables Showing Loss of Head Due to 
Friction of Water in Pipes. Serond Edition. 12mo, cloth. . $1.60 

WEYMOUTH, F. M. Drum Armatures and Commutators. 
(Theory and Practice! A complete Treatise on the Theory 
and Const ruction of Drum Winding, and of commutators for 
closed-eoil armatures, together with a full resume of some of the 
principal points involved in their design, and an exposition of 
armature reactions and sparking, Svo, cloth S3 00 

WHEELER, J. B., Prof. Art of War. A Course of 

Instruction in the Elements of the Art and Science of War. for 
the Use of the Cadets of the United ."Muliv Military Academv, 
West Point, N.Y. 12mo, cloth $1,75 

— Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United States Militnrv 
Academy, West Point, N. Y. 12mo. cloth 81.75 

WHIPPLE, S., C.E. An Elementary and Practical Treatise 

on Bridge Building, avo, cloth $3 00 

WHITE, W. H., K.C.B. A Manual of Naval Architecture, 

for use of Officers of the Royal Navy, Officers of the Mercantile 
Marine, Yachtsmen, Shipowner* mid Shipbuilders. Containing 
many figures, diagrams and tables. Thick, 8vo, cloth, illus- 
trated. ... $9.00 

WHITELAW, J., Jr. Surveying, as Practiced by Civil 

Engineers and Surveyor!; including tht setting-out of work fur 
construction and surveys abroad, with examples taken from 
actual practice. Intended as a handbook for Vield and Office 
use; also as a Uxt-book for Students. With numerous tables, 
full-page plates and diagrams. Svo, cloth, illustrated, 516 
pages net, $4.00 

WILKINSON, H. D. Submarine Cable-laying, Repairing, 
and Testing. Svo, cloth $5.00 
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WILLIAMSON, R. S. On the Use of the Barometer 
Survey and Recunuoissatiees. Pan I. Heterology in its < 
nection with Hypsometry. Part II. Barometric H 
With illustrative tables aud engravings. 4to, cloth. 



WILSON, G. Inorganic Chemistry, with New Notanoa. 
Revised and enlarged bv H. G. Madan. Naa edition lii 
cloth %1 

WILLSON, F. N. Theoretical and Practical Grapbia. 
An Educational Course on the Theory and Practical Ap| 
of Descriptive Geometry and Mechanical Drawing. Prepared 
for students in General Science, Engraving, or 
Third Edition, rtitned. 4to, cloth, illustrated tut, 

Note-taking, Dimensioning and Lettering. 4to, Clota, 

illustraled net, II . 9 



— Practical Engineering Drawing and Third 
Projection. Mo, cloth, illust rated ntt 



Descriptive Geometry — Pure and Applied, with 

chapter on Higher Plane Curves, and the Helix. It 
illustrated net, S3 00 

WINKLER, C, and LUNGE, G. Handbook of Technical 

Gas- Analvsis. With figures and diagrams. Second Englith *&■ 
tion. Transliiti'il [rum i L,- third ureal ly ^nlareed German editixi. 
with some additions hv'George Lunge, Ph.D. Svo, cloth, illu*- 
trated, 190 pages 

WOODBURY, D. V. Treatise on the Various Element 
of Stability in the Well -proportioned Arch. With I 
tables of the Ultimate and Actual Thrust. Svo, half 
Illustrated 
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WRIGHT, A. C. Analysis of Oils and Allied Substances. 
svo. cloth, illustrated, 24! pages net. $3 50 



WRIGHT, T. W., Prof. (Union College.} Elements o" 

Mechanics; including Kinematics, Kinetics and Static*. With up* 
plications. Third Edition, revised and enlarged. Svo, cloth. .$2.50 

WYNKOOP, R. Vessels and Voyages, as Regulated by 
Federal Statutes and Treasury Instructions and Decisions. 8vo, 
clMtl,. $2.00 

YOUWG, J. E. Electrical Testing for Telegraph Engineers. 
With Appendices consisting of Tabtiw. Svo, cTi th. illua. . . $4 00 

YOUNG SEAMAN'S MANUAL. CompUed from Various 

Authorities, and Illustrated with Numerous Original and Select 
Designs, for the Use of the United States Training Ships and the 
Marine Schools. Svo, half roan $3 00 

ZTPSER, J. Textile Raw Materials, and Their Conversion 
into Yams. The study of the Raw Materials and th" Technology 
of the Spinning Process. A Text-book for Textile, Trade and 
higher Technical Schools, as also For self instruction. Based upon 
the ordinary syllabus and curriculum of the Imperial and Royal 
Weaving Schools. Translated from the German by Chas. Salter. 
Svo, cloth, illustrated net, $5 00 
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'THEY are put up in a uniform, neat, and attractive form, iSmo, 
■* boards. Price 50 cents per volume. The subjects are of an 

eminently scientific character and embrace a utide range of topics, and 

are amply illustrated u/n'ir the subject demands. 

Ho. i. CHIMNEYS FOR FURNACES AND STEAM BOILERS By 
R. Armstrong, C.E, Third American Edition, Revised and 

Civ rewritten, with an Appendix on "Theory of Chimney 
likht," by F. E. Idell. M.E. 
Ho J. STEAM-BOILER EXPLOSIOHS By Zerah Colbum. 

Edition, revised by Prof. R. H Thurston. 
Ho, 3. PRACTICAL DESIGNING OF RE TAIHING- WALLS 

Arthur Jacob, B.A. Fourth edition, with additions 

W. Cain. 
Ho. 4. PROPORTIONS OF PIHS USED IN BRIDGES By Charles 

E. Bender, C.E. Second edition, with Append' 
Ho. s. VEHTILATION OF BUILDIHGS, By W. F. Butler Second 

edition, re-edited and enlarged by James A. Greenleaf. C.E. 

New edition in press. 
Ho. 6. OH THE DESIGHTHG AHD CONSTRUCTIOH OF STORAGE 

Reservoirs. By Arthur Jacob, II A Second American edition, 
revised, with additions by E Sherman Gould. 
Ho. 7. SURCHARGED AHD DIFFERENT FORMS OF RETAINING- 

walla. By James S. Tate, C.E. 
Ho. 8. A TREATISE OH THE COMPOUHD STEAM-EHGTHE. By 

John Tumbull, Jr. 2nd edition, revised by i'rof. S. W. Robinson. 
Ho. g. A TREATISE OH FUEL By Arthur V. Abbott, C.E. Founded 

on the oripiriai treatise of C. William Siemens, D.C.L. 
Ho. to. COMPOUND EHGLHES Translated from the French of A. 

Mallet. Second edition, revised with results of American Plfcc- 

tice, by Richard H. Buel, C.E. 
Ho. II. THEORY OF ARCHES By Prof. W. Allan. 
Ho. n. THEORY OF VOUSSOIR ARCHES. By Prof. Wm. Cain. 

Second edition, revised and enlarged. 
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E. W. Hyde, C.E. Illustrated. 

. 16. GRAPHIC METHOD FOR SOLVING CERTAIN QUESTIONS 
in Arithmetic or Algebra, By Prof. G. L. Vose. Second 
edition. 



. 10. STRENGTH OF BEAMS UNDER TRANSVERSE LOADS. 
I)v l'tiif W, Allan, author of "Theory of Arches." Second 

edition, revised 



. SAFETY VALVES. By Richard H. Buel, C.E. Third edition. 



.. 23. THE FATIGUE OF METALS UNDER REPEATED STRAINS. 
With various Tables of Results and Export] limits. From the 
German of Prof, hud wig Spaagenburgh., with a Preface by S. H. 
Shreve, A.M. 



.. 25. THEORY AND CALCULATION OF CANTILEVER BRIDGES. 
By R. M. Wilcox. 

I j6. PRACTICAL TREATISE OH THE PROPERTIES OF Con- 
tinuous Bridges. By Charles Bender, C.E. 
. 27. BOILER INCRUSTATION AND CORROSION. By F. J. 

Rowan. New edition. Revised and partly rewritten by F. E. 
Idell. 
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Bo. 35. THE ANEROID BAROMETER: ITS CONSTRUCTION AHD 
Use. Compiled by George W. Ptymptoo. Kichth edition, 
revised and enlarged. 

no. 36. MATTER AND MOTIOS. By J. Clerk Maxwell, M.A. Second 

Ho. 37- GEOGRAPHICAL SURVEYING: ITS USES, METHODS, 
and Results. By Frank De Yenux Carpenter, C.E. 



tli'irniijfhly iv\ iiseiJ. 
1. 43. WAVE AND VORTEX MOTION. By Dr. Thomu Craig, 

of Johns Hopkins University. 
-. 44. TURBIHK WHEELS. By Prof. W. P. Trowbridge, Columbia 

College. Second edition. Revised. 

45. THERMO-DYBAMICS. By Prof. H. T. Eddy, University 



of C 



New editio 



1. 46. ICE-MAKING MACHINES. From the French of M. Le Dour. 
Revised by Prof. J. E. Denton, D, H. Jacobin, Mid A, Riesenberger, 
Fifth edition, revised. 



Ho. 49. MOTION OF A SOLID IN A FLUID. By Thomas Craig, Ph.D. 



SCIENTIFIC PUBLICATIONS. 



o. si. THE TELESCOPE: OPTICAL PRINCIPLES INVOLVED IN 
the Construction of Refracting and licflccting Telescopes, with 
a new chapter on the Evolution of the Modern Telescope, and a 
Bibliography to date. With diagrams anil folding plates. By 
Thomas Notan. Second edition, revised and enlarged. 

lo. f*. IMAGINARY QUANTITIES: THEIR GEOMETRICAL IN- 
terprefstion. Translated from the French of M. Argand by 
Prof. A S. Hardy. 

To. 53. INDUCTION COTLS: HOW MADE AND HOW USED. 
Eleventh America a edition. 



o. 57. INCANDESCENT ELECTRIC LIGHTING. A Practical De- 
scription of the Edison .System, By L. H. Latimer. To 
which Is added 1 h« Design and Operation of Incandescent Sta- 
tions, by C. J. Field : and the Maximum EMii-ienc\ of Incandescent 
Lamps, by John W. Howell. 



Id. «. RAILROAD ECONOMICS; OR, NOTES WITH COMMENTS. 
By B. W. Robinson, C.E. 

60. STRENGTH OF WROUGHT-IRON BRIDGE MEMBERS. 
By ft W. Robinson, C.E. 

61. POTABLE WATER, AND METHODS OF DETECTING 
Impurities. By M. N\ Baker. 



o. 64. ELECTRO-MAGNETS. By A. N. Mansfield. 
o. 65. POCKET LOGARITHMS TO FOUR PLACES OF DECIMALS. 
Including Logarithms of Numbers, etc. 

Thompson, 
evieed. 

Io. 67. HYDRAULIC TABLES FOR THE CALCULATION OF THE 
Discharge through Sewen, Pipes, and Conduits, Based on 
"Kutte?» Formula." By P. J. Flynn. 
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No. 70. EXPLOSIVE MATERIALS. By Lieut John P. Wis* 



. 71. TOPOGRAPHICAL SURVEYING. 
Prof. A. a. Hardy, Jobu B. .McMaster, and V. 
i.*i.lition, revised. 



Ho. 75. RECENT PROGRESS IN DYNAMO- ELECTRIC MACHHT 

Being a Supplement to "Dynamo-electric Machinery." 
Prof. Sylvonua P. Thompson. 



ITo. 70. THE FIGURE OF THE EARTH. By Fr«nk C. Roberts, C 
No. 80. HEALTHY FOUNDATIONS FOR HOUSES. By 

No. 8i! WATER METERS: COMPARATIVE TESTS OF ACCDRAC 
Delivery, e»c. Distinctive features of the Worthingtou, ho 
nedy, Efieni us, and Hesse meters. By Ross E. Browne. 

No. 8). THE PRESERVATION OF TIMBER BY THE USE OF AFT 
septirs. By Samuel Bagster Boultoti, C.E. 

No. 83. MECHANICAL INTEGRATORS. By Prof. Henry S. 

Shaw, C.E. 



No. 85. THE LUMIHIFEROUS jETHER. By Prof. De Volson We* 

No. 86. HANDBOOK OF MINERALOGY: DETERMINATION, D 

Bcription, and Qualification if Mineral.- Found In the Hi 
States. By Prof. J. C. Fove. Fifth edition, revised. 
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Practical Formulas for their Resist- 



No. oj. RECENT PRACTICE IN THE SAHITARY DRAINAGE OF 
Buildups. With Memoranda (.11 the Cost, of Plumbing Work. 
Second edition, revised and enlarged. Bv Willium l'uul Ger- 
hard, (MC. 

By Dr. C. Meymott 

By Isami Hirgi, C.E. 

By Gisbert Kapp, 



Bo. 98. PRACTICAL DYNAMO-BUILDING FOR AMATEURS. HOW 
hi Wind for Any Output. By Frederick Walker. Fully illus- 

Ho. 09. TRIPLE-EXPANSION ENGINES AND ENGINE TRIALS, 
liv I'n.f ()sl.r.rtu! I{i-vn«.lds. Edited with notes, etc., l.v V. E. 
[Jell, mi: 

Bo. 100. HOW TO BECOME AN ENGINEER; or. The Theoretical 
and Prnctic'id T rri i ri e r 1 tr neciw.Hr.ry In FiMmu [nr tliu llulit's of 
the Civil Engineer. By Prof. Geo, W. PlympUm. 

Ha. t«i. THE SEXTANT, and Other Reflecting Mathematical Instru- 
ments. With ['radical Hiuls fur their Adjustment and Psc. 

By F. It. Brainard, U. S. Navy. 

No. toz. THE GALVANIC CIRCUIT INVESTIGATED MATHE- 

mat.ica.Uy. Ry l)r Ci. S. Ohm, Berlin, IK27. Translate! l.y 
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llo. 106. COMPRESSED AIR. Experiments upon the Transmission of 
Power by Comprised Air in Paris. (Papp'a System I Bj 
Prof, A. B. W. Kennedy. The Transmission and MiMrilmti-.n 
of Power from Central Stations hv Compressed Air. liv Prof 
\V. a L'mvin. Edited by F. E. Idell. Third edition. 

Ho. t07. A GRAPHICAL METHOD FOR SWING BRIDGES. A 

Rational and Easy *;ra|ihiciil Analysis of the Stresses in I >rdinary 
Sii Lriir Bridges. With U Introduction on the General Theory 
of Graphical Statics, with Folding Plates'. Hy Benjamin I. 
La Hue. 

Mo. 10B. SLIDE-VALVE DIAGRAMS. A French Method for Cod- 

Btroctinj; Slide-valve hiagrams Hy Lloyd I'utikHin. Il.», 
Assistant Naval Constructor, II. H. Navy, 8 Folding Plaice. 

Ho. 109. THE MEASUREMEHT OF ELECTRIC CURRENTS. Elec- 
trical Measuriin; Instruments Hv James Swinburne M.-o r- 
for Electrical Energy. By C. H. Wordmgriam. Edit.il, with 
Preface, bv T. C'ornmerford Martin, With Folding Plate and 
Numerous Illustrations. 

Ho. no. TRANSITION CURVES. A Field-book for Engineers, Con- 
taining Hides anil 'L'iibles for Laving (Hit Trnnsilinii I iu\.> I'.v 

Walter O. Fox, C.E. 

Ho. in. GAS-LIGHTING AND GAS-FITTING. Specifications and 

Knlea fur Gas-piping Notes on the Advantages of Gas for 

('nuking mid ilealiiui. and I'sefnl Hints Influx Consumers S.-. ] 

edition, rewritten aud enlarged By Wm. Paul Gerhard, C'.E. 



115. TRAVERSE TABLE. Showing the Difference of Latitude 
and Departure for Instances Between 1 and 100 and for Angles to 
Quarter Degrees Between 1 Degree and 1KI Degrees. (Heprmttd 
from Senbner'a Pocket Table Book.) 
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